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Preface 


The  German  original  of  the  present  work  on  wound  ballistics  is  already  in  its  third 
edition.  The  first  two  German  editions  focused  on  the  behaviour  of  a  bullet  in  the 
body  and  the  physical  modelling  of  that  behaviour.  In  parallel  with  this,  a  system 
of  simulants  was  established  that  allowed  gunshot  wounds  to  be  simulated  empiri¬ 
cally. 

In  the  period  between  the  second  German  edition  (2001)  and  the  third  (2008), 
the  emphasis  in  wound  ballistics  research  was  on  consolidation  and  application.  It 
was  possible  to  use  the  results  to  answer  many  forensic  and  surgical  questions. 
Both  the  physical  models  and  the  empirical  simulation  of  gunshot  wounds  using 
simulants  have  been  validated  by  experience.  It  is  therefore  logical  that  the  em¬ 
phasis  in  this,  the  third  edition,  should  have  shifted  towards  the  practical  applica¬ 
tion  of  wound  ballistics. 

The  introduction  to  the  basics  (physics,  ammunition  and  the  principles  of  bal¬ 
listics)  was  previously  divided  over  two  chapters;  these  topics  are  now  covered  in 
one  chapter.  In  a  similar  manner,  the  specific  wound  ballistics  of  handgun  bullets, 
rifle  bullets  and  fragments  are  dealt  with  in  one  chapter  instead  of  three.  These 
changes  created  room  for  three  chapters  on  the  use  of  wound  ballistics  in  forensic 
medicine,  surgery  and  international  instruments.  Three  leading  and  highly  com¬ 
petent  co-authors  were  recruited  to  cover  the  topics  of  surgery  and  forensic  medi¬ 
cine:  Dr  Robin  Coupland  (who  for  many  years  was  chief  surgeon  at  the  In¬ 
ternational  Committee  of  the  Red  Cross),  Prof.  Dr  Markus  Rothschild  (Director  of 
the  Institute  of  Forensic  Medicine,  Cologne)  and  Prof.  Dr  Michael  Thali  (Director 
of  the  Institute  of  Forensic  Medicine,  Zurich). 

So-called  “non-lethal”  projectiles  have  become  increasingly  important  in  recent 
years  -  not  only  for  police  use  but  also  in  military  contexts.  We  have  therefore 
devoted  a  separate  section  to  the  ballistics  and  effectiveness  of  this  type  of  pro¬ 
jectile. 

The  tables  at  the  end  of  the  book  now  include  a  number  of  projectiles  used  in 
sport,  as  these  may  be  relevant  to  sports  accidents. 

Such  an  interdisciplinary  field  as  wound  ballistics  requires  an  intensive  ex¬ 
change  of  experiences  and  thoughts.  I  should  like  to  thank  Prof.  Dr  Michael  Thali, 
Zurich,  and  the  Institute  of  Forensic  Medicine,  University  of  Berne,  for  their  un¬ 
stinting  support.  With  their  extensive  surgical  experience,  Dr  Robin  Coupland  and 
Dr  Wolfgang  Titius  each  made  a  major  contribution  to  the  success  of  the  experi- 


VI  Preface 


mental  simulation  of  gunshot  wounds.  My  thanks  go  to  Dr  Ulrich  Stoller  for  his 
numerous  suggestions  and  pointers  regarding  medical  questions. 

Christoph  Simon,  PhD,  of  gelatine  manufacturer  Gelita,  was  kind  enough  to 
check  and  correct  the  section  on  the  characteristics  of  gelatine  and  the  process  by 
which  it  is  produced. 

My  special  thanks  go  to  Steve  Rawcliffe,  with  whom  it  was  a  great  pleasure  to 
work  during  the  translation  of  this  demanding  text.  I  am  extremely  grateful  to 
Dr  Leslie  Payne  and  Dr  Virginia  Fitzgerald-Swallow  for  their  thorough  and  expert 
review  of  the  English  manuscript.  I  should  like  to  thank  two  members  of  my  team 
-  Matthieu  Glardon,  M.  in  forens.  sc.  and  Lea  Siegenthaler,  M.  in  Physics  -  for 
their  careful  checking  of  the  layout. 

My  thanks  go  also  to  the  Competence  Centre  for  Science  and  Technology  of 
armasuisse  for  their  kind  permission  to  use  some  of  their  illustrations  in  this  work. 
Warm  thanks  go  to  the  publisher.  Springer,  with  whom  it  was  a  pleasure  to  work 
and  who  are  responsible  for  the  excellent  appearance  of  the  book. 

Finally,  1  wish  to  take  this  opportunity  to  remember  physicist  Prof.  Dr  Karl 
Sellier,  who  died  in  1997.  He  laid  the  foundations  of  this  work  with  the  first, 
German  edition,  on  which  it  was  a  great  honour  for  me  to  work  as  co-author.  He 
would  have  been  happy  to  see  how  successful  this  book  has  been  so  far. 


Thun,  April  2011 


Beat  P.  Kneubuehl, 


Editor 
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Introduction 


Ballistics  is  the  science  of  bodies  in  flight,  encompassing  the  physical  phenomena 
involved  and  the  movement  of  the  projectile.  It  is  divided  into  a  number  of  areas, 
based  on  where  the  projectile  is. 

Interior  ballistics  is  the  study  of  the  acceleration  of  the  bullet  in  the  weapon 
and  the  related  processes.  The  domain  of  interior  ballistics  ends  where  the  bullet 
leaves  the  barrel.  However,  the  weapon  can  continue  to  influence  the  flight  of  the 
bullet  even  after  this  point,  e.g.  through  oscillations  or  via  the  gases  that  follow 
and  overtake  the  bullet.  This  phase  of  the  bullet’s  motion  is  known  as  intermedi¬ 
ate  ballistics. 

Between  the  moment  at  which  the  bullet  escapes  the  influence  of  the  weapon 
and  the  moment  at  which  it  strikes  its  target,  the  bullet  obeys  the  laws  of  exterior 
ballistics.  This  part  of  ballistics  involves  determining  the  changes  over  time  and 
space  of  the  trajectory  of  the  bullet,  its  velocity  and  the  movements  it  describes 
about  its  centre  of  gravity,  taking  into  account  all  the  forces  acting  upon  it. 

The  study  of  the  phenomena  occurring  when  a  bullet  strikes  and  penetrates  an 
object  is  termed  terminal  ballistics.  If  the  object  is  a  person  or  an  animal,  we 
speak  of  wound  ballistics. 

Interior,  intermediate  and  exterior  ballistics  can  all  affect  wound  ballistics,  de¬ 
pending  on  the  distance  between  muzzle  and  target.  The  structure  of  the  bullet  and 
certain  aspects  of  the  weapon  may  also  play  a  role.  As  a  result,  one  can  only  un¬ 
derstand  what  happens  to  a  bullet  in  a  living  being  if  one  has  a  basic  understand¬ 
ing  of  the  physics  involved  (mechanics,  thermodynamics  and  fluid  dynamics),  of 
ballistics  and  of  arms  and  ammunition.  We  shall  cover  these  aspects  in  Chapter  2. 

Chapter  3  -  General  wound  ballistics  -  examines  the  phenomenon  of  the 
wound  channel,  describes  simple  physical  models  of  velocity  and  energy  over 
time  and  distance  and  provides  an  overview  of  the  simulants  generally  used  in 
wound  ballistics. 

Building  on  Chapter  3,  Chapter  4  will  introduce  the  concept  of  a  projectile’s 
“effectiveness”  and  its  “effect,”  and  will  look  in  some  detail  at  the  wound  ballistic 
aspects  of  handgun  and  rifle  bullets.  This  chapter  devotes  a  number  of  sections  to 
the  wound  ballistics  of  fragments,  as  fragments  are  the  most  frequent  cause  of 
injury  in  armed  conflict  and  in  bomb  attacks.  A  separate  section  is  devoted  to  so- 
called  “non-lethal”  projectiles,  as  these  are  becoming  increasingly  important. 

The  remaining  three  chapters  apply  the  basic  knowledge  acquired  in  Chapters  3 
and  4. 
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1  Introduction 


Forensic  medicine  (Chapter  5)  uses  the  laws  of  wound  ballistics  to  derive  bal¬ 
listic  data  (type  of  weapon  and  ammunition,  direction  of  shot,  range,  etc.)  required 
to  elucidate  killings  involving  firearms.  Simulants  can  readily  be  used  for  dy¬ 
namic  reconstructions  of  events,  and  are  particularly  valuable  as  part  of  the  Vir- 
topsy  concept  (see  5.2  and  5.3). 

In  war  surgery  (Chapter  6)  wound  ballistics  is  of  interest  primarily  as  a  diag¬ 
nostic  tool.  If  a  surgeon  knows  how  a  bullet  behaves  in  the  human  body,  he  or  she 
is  in  a  better  position  to  manage  the  resulting  wound. 

Even  though  this  book  focuses  on  scientific  facts  and  phenomena,  on  pathology 
and  on  the  changes  that  bullet  wounds  cause,  we  must  not  lose  sight  of  the  human 
aspect.  Doctors  have  repeatedly  spoken  out  against  undesirable  developments  in 
the  field  of  arms  and  ammunition  -  generally  with  little  success,  unfortunately. 
The  International  Committee  of  the  Red  Cross  (ICRC),  with  its  headquarters  in 
Geneva,  has  played  a  major  role  in  this  area.  It  therefore  seemed  appropriate  to 
outline  the  historical  development  of  ammunition  and  the  efforts  made  in  parallel 
to  render  war  more  humane,  efforts  that  are  reflected  in  a  number  of  international 
agreements.  ITowever,  we  also  discuss  ways  of  formulating  such  agreements 
much  more  precisely,  using  the  knowledge  acquired  from  the  study  of  wound  bal¬ 
listics  (Chapter  7). 

Annex  A  contains  comprehensive  tables  of  ballistic  data  for  a  wide  variety  of 
ammunition  and  bullets.  This  data  is  essential  to  the  study  of  ballistics  in  general 
and  wound  ballistics  in  particular.  This  annex  also  contains  a  number  of  ballistics 
tables  for  contemporary  and  historical  bullets  and  for  other  projectiles  (such  as 
fragments  and  arrows).  These  tables  are  followed  by  similar  tables  for  shotgun 
cartridges  and  pellets. 

Annex  B  consists  of  a  glossary  of  ballistics  and  wound  ballistics  terms.  This  is 
followed  by  a  bibliography  and  index. 


2  Basics 

B.  P.  Kneubuehl 


2.1  The  physics  of  wound  ballistics 

2.1.1  Preliminary  remarks 

Wound  ballistics  is  an  inter-disciplinary  science,  involving  a  wide  range  of  spe¬ 
cialists  -  doctors,  physicists,  lawyers,  weapons  experts,  etc.  There  is  therefore  a 
need  for  a  concise  introduction  to  the  basic  physics  involved.  Readers  with  a  good 
knowledge  of  physics  may  wish  to  skip  Section  2.1. 

2.1.2  Coordinates,  systems  of  units  and  notation 

To  describe  physical  phenomena  simply,  one  needs  a  suitable  system  of  coordi¬ 
nates.  For  ballistics,  we  generally  use  the  ballistic  coordinate  system:  the  x-  and  y- 
axes  between  them  define  a  vertical  plane,  with  the  y-axis  pointing  in  the  opposite 
direction  to  the  earth's  gravitational  pull.  The  z-axis  completes  the  system,  creat¬ 
ing  a  right-handed  three-dimensional  system  (see  Fig.  2-1).  The  movements  of  a 
body  (a  bullet  in  this  instance)  are  described  by  reference  to  a  Cartesian  system 
fixed  in  the  body.  The  origin  of  that  system  is  located  at  the  centre  of  gravity  of 
the  body  concerned  and  its  principal  axis  is  aligned  with  the  direction  of  move¬ 
ment  of  the  centre  of  gravity  at  any  given  point  in  time. 

The  units  are  those  of  the  SI  system  (Systeme  International  d’Unites),  which  is 
the  official  system  in  many  countries.  Length  is  measured  in  metres,  mass  in 


Fig.  2-1.  Ballistic  coordinate  system 
x-axis  in  the  direction  of  the  shot,  y-axis 
upwards,  z-axis  to  the  right. 
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kilograms  and  time  in  seconds,  often  modified  by  prefixes  such  as  milli-,  kilo-  or 
mega-.  A  summary  of  the  decimal  prefixes  appears  at  the  end  of  the  table  of  sym¬ 
bols  (p.  XXIII).  Other,  derived  units  will  be  explained  the  first  time  the  corre¬ 
sponding  parameter  occurs. 


Imperial/US  units  are  still  widely  used  in  the  fields  of  weapons,  ammunition  and  ballistics.  Again, 
the  formulas  for  converting  between  these  units  and  SI  units  are  at  the  end  of  the  table  of  symbols 
(p.  XXIII). 

Most  phenomena  of  interest  to  us  are  three-dimensional,  and  must  therefore  be 
described  in  terms  of  three  components.  For  the  sake  of  clarity,  however,  we  shall 
in  many  cases  use  only  one  component.  This  makes  little  difference  in  practice,  as 
it  is  possible  to  study  many  processes  one-dimensionally  by  selecting  a  system  of 
coordinates  appropriately. 

Some  definitions  and  equations  include  differential  quotients.  In  such  cases,  we 
shall  follow  the  usual  convention:  derivatives  over  time  are  written  with  a  dot 
over  the  symbol,  while  derivates  over  distance  are  indicated  using  a  prime,  thus: 


(2.1:1) 


dx  .  dvY 
—  <=>  x,  — -  <=>  vx, 

dt  dt 


dv 

x 

dx 


<=>  v' 


2.1.3  Mechanics 


2.1. 3.1  Kinematics 


Kinematics  is  the  study  of  the  motion  of  a  body  in  space,  disregarding  the  specific 
characteristics  of  the  body  concerned.  The  primary  role  of  kinematics  is  to  de¬ 
scribe  the  path,  or  trajectory  of  the  body.  For  these  purposes  we  ignore  the  size  of 
the  body,  treating  it  as  a  point.  The  most  important  kinematic  parameter  is  veloc¬ 
ity.  Velocity  is  a  vector  value,  of  which  the  components  are  defined  as  distance 
covered  per  unit  time  along  three  axes: 


(2.1:2) 


dx  _  dy  _  dz 

Vy  "  d?  Vz  "  ¥  ' 


[m/s] 


Speed  (as  opposed  to  velocity)  is  given  by: 

(2.1:3)  v  =  +  v2  +  v2  .  [m/s] 


Table  2-1  gives  a  rough  indication  of  typical  speeds  encountered  in  ballistics. 

Change  in  velocity  per  unit  time  is  termed  acceleration  if  velocity  increases 
and  negative  acceleration,  or  deceleration,  if  velocity  decreases: 


(2.1:4) 


dv  dv  dvz 

- ,  av  =  - ,  a7  =  -  . 

dt  y  dt  z  dt 


[m/s2] 
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Table  2-1.  Typical  velocities 


Object/medium 

Velocity 

[m/s] 

[ft/s] 

Projectile 

Air  rifle/air  pistol 

100  ...  250 

330  ...  820 

Handguns 

250  ...  400 

820  ...  1,310 

Rifles 

600  ...  1,000 

1,970  ...  3,280 

Flechette 

1,500  ...  1,800 

4,920  ...  5,900 

Fragment 

<  2,000 

<6560 

Sound  waves 

In  air  (15  °C) 

340 

1,115 

In  water  (20  °C) 

1,483 

4,865 

In  steel 

5,180 

16,995 

In  glass 

5,225 

17,142 

We  can  express  the  magnitude  of  acceleration  in  a  manner  similar  to  that  already 
discussed  for  speed: 

(2.1:5)  a  =  a2x  +  a2y  +  a;  .  [m/s2] 

Table  2-2  lists  some  typical  acceleration  values  encountered  in  ballistics. 

Because  velocity  is  a  vector,  a  change  in  direction  is  also  an  acceleration,  even 
in  cases  where  speed  does  not  change. 

If  acceleration  is  constant,  we  can  readily  calculate  speed  and  distance  using 
the  following  formula: 


(2.1:6) 

v  =  v0  +  a  ■  t  , 

[m/s] 

(2.1:7) 

x  =  x0  +  v0  •  t  +  \  ■  a  ■  t2  , 

[m] 

where  Vo  is  the  speed  at  time  t  =  0  and  x0  is  the  distance  that  the  object  has  already 
moved  at  that  moment  in  time. 

Movement  along  a  curved  path  can  always  be  expressed  as  movement  along  a 
segment  of  a  circle.  The  rotational  movement  is  described  in  kinematic  terms  by 


Table  2-2.  Typical  acceleration  values 


Object 

Acceleration 

[m/s2] 

[ft/s2] 

Acceleration  due  to  gravity  (standard  value) 

-  9.80665 

-32.1740 

Pistol  bullet  in  air 

-200 

-6,560 

Rifle  bullet  in  air 

-400 

-  1,310 

Fragment  in  air 

-  60,000 

-  197,000 

Rifle  bullet  in  barrel  on  firing,  max. 

100,000 

-328,100 

Deformation  projectile  penetrating  a  dense 
medium  (mean  value)  up  to 

-  800,000 

-2,625,000 
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the  angular  velocity,  with  angular  displacement  tp  measured  in  radians  (one  com¬ 
plete  revolution  corresponds  to  2n  radians,  which  equates  to  360°). 

(2.1:8)  (0  =  ^  .  [rad/s] 

We  obtain  the  rotational  speed  v  (the  number  of  revolutions  per  second)  from  the 
angular  velocity,  thus: 

(2.1:9)  v  =  ®  [1/s] 

2  •  71 

Rotation  at  a  constant  angular  velocity  is  known  as  uniform  circular  motion.  The 
tangential  velocity  is  given  by: 

(2.1:10)  v  =  r  •  at  ,  [m/s] 

where  r  is  the  radius  of  rotation,  i.e.  the  distance  between  the  point  under  consideration  and  the 
centre  of  rotation. 

This  type  of  motion  involves  acceleration,  because  while  the  speed  of  the  object 
does  not  change,  its  direction  is  continuously  changing.  The  acceleration  is  per¬ 
pendicular  to  the  direction  of  travel  at  any  given  moment,  and  is  directed  away 
from  the  centre  of  the  circle.  Acceleration  is  given  by  the  following  equation: 

V2  n 

(2.1:11)  a  =  v  •  to  =  —  =  r  •  or  .  [m/s‘] 

r 

Conversion  between  the  various  representations  is  performed  using  Eqn  2.3:9. 
Changes  in  angular  velocity  are  expressed  as  angular  acceleration  a: 

(2.1:12)  a  =  ^  .  [rad/s2] 

One  case  of  rotation  in  ballistics  is  that  of  a  spin-stabilized  bullet,  which  rotates 
about  its  longitudinal  axis.  The  angular  velocities  and  rotational  speed  involved 
are  quite  high,  and  although  the  radius  of  a  bullet  is  small,  the  circumferential 
velocities  attained  are  considerable  (see  Table  2-3). 


Tabic  2-3.  Typical  values  for  angular  velocity  to,  rotational  speed  v  and  circumferential 
velocity  v 


Type  of  bullet 

CO 

[rad/s] 

V 

[1/s] 

V 

[m/s] 

[ft/s] 

Pistol  (9  mm  Luger) 

8,800 

1,400 

40 

130 

Revolver  (.44  Rem.  Mag.) 

5,440 

866 

30 

100 

Rifle  (7.62  mm  NATO) 

17,100 

2,721 

67 

220 
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2.1. 3.2  Mass,  momentum  and  force 

Mass  is  one  of  the  basic  characteristics  of  a  body.  It  expresses  itself  in  two  ways: 

-  a  body  resists  any  change  in  state  of  movement  (inertia); 

-  a  body  alters  the  state  of  movement  of  other  bodies  (gravitation). 

Physical  phenomena  are  often  independent  of  the  dimensions  of  a  body.  In  such 
cases,  it  is  easier  to  describe  the  phenomenon  if  we  treat  the  body  as  a  point,  with 
the  entire  mass  of  the  body  concentrated  in  that  point.  This  point  -  the  centre  of 
gravity  -  is  chosen  such  that  even  when  forces  act  upon  the  body  there  is  no  dif¬ 
ference  between  the  path  of  the  actual  body  (of  non-zero  dimensions)  and  that  of 
the  point  mass. 

In  SI  units,  mass  is  expressed  in  kilograms  or  grams.  Grains  and  pounds  are  still  used  in  some 
English-speaking  countries  (see  conversion  factors  on  p.  XXIII). 

The  velocity  of  a  body,  v,  multiplied  by  its  mass,  m,  is  its  momentum,  M.  Mo¬ 
mentum  is  a  vector,  of  which  the  direction  is  identical  to  that  of  the  body’s  veloc¬ 
ity: 

(2.1:13)  I  =  m-v.  [kg-m/s] 

The  physical  parameter  responsible  for  a  change  in  the  state  of  movement  of  a 
body,  or  deformation  of  that  body,  is  known  as  force.  Force  is  defined  by  New¬ 
ton  ’s  laws. 

1.  The  velocity  of  a  body  (or,  more  accurately,  its  momentum)  remains  con¬ 
stant  unless  a  force  acts  upon  it. 

2.  Force  equals  change  in  momentum  over  time,  so: 

(2.1:14)  F  =  —  =  —  (m-v).  [N] 

dt  dt  v  ' 

The  unit  of  measurement  for  force  is  the  Newton,  and  1  Newton  [N]  =  1  kg-m/s2. 

Though  not  an  SI  unit,  the  kilopond  [kp]  is  also  in  widespread  use.  In  some  English-speaking 
countries,  force  is  also  measured  in  pounds  (or  pounds-force).  Conversion  formulas  for  units  of 
force  are  to  be  found  on  p.  XXIII. 

If  the  mass  of  a  body  remains  constant,  force  equals  mass  times  acceleration: 

(2.1:15)  F  =  -(m-v)  =  m-  —  =  m-a.  [N] 

dt  '  dt 

3.  For  every  force,  there  is  an  opposing  force  of  the  same  magnitude  (ac¬ 
tion/reaction).  Please  see  Table  2-4  for  a  list  of  typical  forces  encountered  in 
ballistics. 

As  acceleration  is  a  vector,  it  follows  from  Eqn  2.1:15  that  force  also  behaves  as  a 
vector.  In  order  to  describe  a  force,  we  must  therefore  know  three  things:  its  mag- 
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Table  2-4.  Typical  forces  acting  on  a  bullet 


Type  of  force 

Force 

[N] 

[Ibf] 

Force  of  air  acting  on  a  rifle  bullet 

4 

0.9 

Mean  drag  acting  on  a  bullet  fired  into  water 

5,000 

1,125 

Force  on  a  bullet  in  a  rifle  barrel 

12,000 

2,700 

nitude,  its  direction  and  its  point  of  application.  The  best-known  force  is  weight, 
G.  Weight  is  the  force  that  occurs  when  a  body  is  subjected  to  the  acceleration  due 
to  the  earth’s  gravity,  g.  From  Eqn  2.1:15: 

(2.1:16)  G  =  mg.  [N] 

In  physics,  it  is  often  useful  to  express  force  as  a  function  of  the  area  on  which  it 
is  acting.  When  a  force  acts  perpendicular  to  a  surface,  it  is  termed  either  a  tensile 
or  a  compressive  force.  If  a  force  acts  parallel  to  a  surface,  it  is  known  as  a  shear 
force.  Force  per  unit  area  is  known  as  stress. 

Stress  (generally  represented  by  the  symbol  a)  is  often  more  important  than  the  corresponding 
force.  As  a  result,  it  has  its  own  unit  of  measurement,  the  Pascal  (Pa).  1  Pa  <=>  1  N/m2.  Compres¬ 
sive  stress  may  also  be  expressed  in  bar.  This  unit  is  widely  used  in  ballistics: 

1  bar  <=>  105  Pa  . 

In  some  English-speaking  countries,  pressure  is  also  measured  in  pounds  per  square  inch  (lbf/in2). 
Conversion  formulas  for  units  of  pressure  are  to  be  found  on  p.  XXIII. 


2.1. 3.3  Work  and  energy 

Work  and  energy,  and  their  relationship  to  velocity,  force,  momentum  and  power, 
play  a  crucial  role  in  ballistics.  We  shall  therefore  examine  these  terms  in  detail, 
the  more  so  as  they  are  not  always  used  correctly  in  everyday  speech. 

Work  W  is  defined  as  the  force  F  acting  in  a  given  direction,  multiplied  by  the 
distance  covered  under  the  influence  of  that  force,  s: 

(2.1:17)  W  =  F-s.  [J] 

Any  irregular  movement,  and  any  change  in  the  structure  of  a  material  (deforma¬ 
tion,  destruction,  etc.)  requires  work.  The  amount  of  work  required  depends  not 
only  on  the  force,  but  also  on  the  distance  covered.  Even  if  the  force  is  large,  the 
work  done  will  be  small  if  the  force  acts  over  a  short  distance  (which  often 
equates  to  a  short  exposure  time). 

Given  that  work  is  defined  as  force  times  distance,  the  unit  is  the  Newton-metre  [N-m].  However, 
as  work  is  such  an  important  term  it  has  its  own  unit,  the  Joule  [J] : 

1  Jo  1  N-m  . 

Certain  English-speaking  countries  still  use  the  foot-pound-force  [ft-lbf].  See  p.  XXIII  for  the  con¬ 
version  formula. 
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In  order  to  move  a  body  against  the  acceleration  due  to  the  earth’s  gravity,  a  force 
is  required  that  corresponds  to  the  weight  of  the  body.  From  Eqn  2.1:17,  we  can 
calculate  the  work  done  W  using  the  following  formula: 

(2.1:18)  W  =  m-g-y,  [J] 

where  y  is  the  distance  that  the  body  is  moved  against  the  force  of  gravity. 

If,  however,  the  body  undergoes  acceleration  as  a  result  of  the  force  acting 
upon  it,  the  work  done  results  in  movement.  Substituting  Equations  2.1:15,  2.1:7 
and  2.1:6  in  Eqn  2.1:17  (the  latter  two  equations  with  xo  =  0  and  Vo  =  0)  we  ob¬ 
tain: 

(2.1:19)  W  =  |-m-v2.  [J] 

If  we  ignore  non-mechanical  phenomena,  the  work  done  on  a  body  therefore  re¬ 
sults  either  in  an  increase  in  distance  within  the  gravitational  field,  or  in  move¬ 
ment.  In  the  first  instance,  this  can  be  expressed  in  terms  of  the  weight  of  the  body 
and  the  increase  in  distance  (Eqn  2.1:18)  and  in  the  second  case  in  terms  of  the 
mass  of  the  body  and  the  speed  it  attains  (Eqn  2.1:19). 

Both  a  body  that  has  been  raised  from  its  initial  position  and  a  body  in  motion 
are  capable  of  performing  work.  The  ability  to  perform  work  is  generally  referred 
to  as  energy.  In  the  case  of  a  raised  body  we  speak  of  potential  energy,  while  in 
the  case  of  a  moving  body  the  term  is  kinetic  energy  (see  Table  2-5  for  examples). 
In  physics,  therefore,  work  and  energy  are  equivalent.  Neither  work  or  energy  can 
be  created  or  destroyed.  All  that  can  happen  is  that  the  one  is  converted  into  the 
other.  From  Eqn  2.1:19,  we  can  therefore  derive  an  analogous  formula  for  the 
kinetic  energy  of  a  body  in  motion,  with  the  same  unit  [J] : 

(2.1:20)  Ekin  =  i-m-v2.  [J] 

Using  Eqn  2.1:18,  we  can  express  potential  energy  thus: 

(2.1:21)  Epot  =  m-g-y.  [J] 

Wounding  only  occurs  when  energy  is  converted  into  work.  However,  this  proc¬ 
ess  is  only  partially  mechanical,  as  the  energy  taken  from  the  projectile  is  used 
primarily  to  deform  and  destroy  tissue.  In  other  words,  this  energy  performs  work 


Table  2-5.  Typical  kinetic  energy  levels  encountered  in  ballistics 


Type  of  weapon 

Muzzle 

[J] 

energy 

[ft-lbf] 

Air  rifle 

over 

10 

7.4 

Pistol 

500 

370 

Modern  military  rifle  (5.56  mm) 

1,600 

1,180 

Older  military  rifle  (7.62  mm) 

3,000 

2,215 

Hunting  rifle 

up  to 

10,000 

7,375 
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on  the  molecular  structure  of  the  material.  Clearly,  however,  the  severity  of  a 
wound  (the  quantity  of  tissue  destroyed)  can  depend  only  on  the  energy  taken 
from  the  bullet,  and  not  on  the  total  energy  that  the  bullet  possessed. 

2.1. 3. 4  Rotation 

If  a  force  acts  on  a  system  capable  of  rotation,  at  a  point  away  from  its  axis  of 
rotation,  the  system  will  begin  to  rotate.  The  angular  velocity  will  depend  on  the 
force  and  on  the  distance  between  the  point  of  application  and  the  axis  of  rotation 
(the  lever  arm).  This  phenomenon  can  be  represented  as: 

(2.1:22)  M  =  Fr  ,  [N-m] 

where  M  is  the  torque  and  r  is  the  distance  between  the  point  of  application  and 
the  centre  of  rotation  (i.e.  the  length  of  the  lever  arm). 

If  we  consider  torque  as  a  vector,  it  always  acts  perpendicular  to  both  the  direction  of  the  force  and 
the  lever  arm,  and  hence  is  always  parallel  to  the  axis  of  rotation. 

From  Equations  2.1:15,  2.1:10  and  2.1:12  we  obtain: 

(2.1:23)  M  =  m-  —  -r  =  m- — —  r  =  m-r2-a  .  [kg-m2/s2] 

dt  dt 

From  this  equation,  we  can  see  that  there  is  a  linear  relationship  between  the 
torque  and  the  angular  acceleration  it  produces,  as  is  the  case  for  force  and  accel¬ 
eration.  The  factor  that  links  the  two  is  the  moment  of  inertia  J,  a  characteristic  of 
the  body  related  to  the  axis  of  rotation: 

(2.1:24)  M  =  J  a  .  [kg-m2/s2] 

The  moment  of  inertia  J  therefore  has  the  same  relationship  to  rotation  as  does 
mass  to  linear  motion. 

The  moment  of  inertia  of  a  body  can  be  calculated  by  analytical  or  numerical 
integration  over  the  volume: 

(2.1:25)  J  =  jr2-dm.  [kg-m2] 

The  moment  of  inertia  can  also  be  measured  using  a  “moment  of  inertia”  measuring 
instrument.  The  formulas  for  basic,  regular  bodies  are  in  some  cases  quite  simple. 

Using  the  definition  of  force  in  Eqn  2.1:14,  we  can  derive  the  following  rela¬ 
tionship  from  Eqn  2.1:24: 

M  =  Ft  =  —  r  =  J  —  =  J-a.  [kg-m2/s2] 

dt  dt 

Integrating  the  two  corresponding  terms,  we  obtain  an  equation  with,  on  one  side, 
the  product  of  the  torque  and  its  distance  from  the  axis  of  rotation.  This  product  is 
the  angular  momentum  or  spin: 

(2.1:26)  L  =  Ir  =  m-v-r  =  J-co.  [kg-m2/s] 
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Table  2-6.  Comparison  between  linear  and  rotational  motion 


Linear  motion  (translation) 


Rotational  motion  (rotation) 


Time 

t 

t 

Time 

Velocity 

V 

CO 

Angular  velocity 

Acceleration 

a 

a 

Angular  acceleration 

Mass 

m 

J 

Moment  of  inertia 

Force 

F  =  ma 

M  =  J-a 

Torque 

Momentum 

M  =  mv 

L  =  Jco 

Angular  momentum 

Kinetic  energy 

Eki„  =  Wm-v2 

Erot  =  VrJ-CO2 

Rotational  kinetic  energy 

In  determining  the  kinetic  energy  of  a  rotating  mass  (its  energy  of  rotation,  or  spin 
energy),  we  must  remember  that  each  mass  particle  has  a  velocity  that  depends  on 
its  distance  from  the  axis  of  rotation.  We  must  therefore  integrate  the  differential 
energy  over  the  entire  volume: 

E  =  y-jv2-dm=  j-jco2  •  r2  •  dm  =  \  ■  or-jr2- dm  , 

V  V  V 

(2.1:27)  Erot  =  fJ-co2.  [J] 

The  analogy  between  the  formula  for  linear  motion  and  that  for  rotation  is  so 
striking  that  it  is  worth  placing  them  alongside  one  another  (see  Table  2-6). 

It  is  often  forgotten  that  yaw  and  partial  rotation  are  also  forms  of  rotation.  In 
addition  to  rotating  rapidly  about  its  longitudinal  axis,  a  moving  bullet  makes 
other  rotational  movements,  such  as  those  about  a  horizontal  transverse  axis.  See 
Fig.  2-2. 


2.1. 3. 5  Laws  of  conservation  of  mass,  energy  and  momentum 

All  physical  phenomena  are  controlled  by  a  number  of  “laws  of  conservation.” 
This  is  particularly  true  of  mechanics.  The  analysis  of  any  physical  process  starts 
with  the  application  of  these  fundamental  laws,  which  generally  make  it  possible 
to  understand  a  phenomenon  quite  easily.  However,  it  is  important  first  to  delimit 
the  physical  system  in  such  a  way  that  one  can  ignore  any  interaction  with  the 


Fig.  2-2.  Rotation  of  a  bullet  about  a  transverse  axis  along  its  trajectory. 
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outside  world.  Such  a  system  is  described  as  “closed.”  Laws  of  conservation  apply 
only  within  closed  systems. 

1.  The  law  of  conservation  of  mass.  The  total  mass  within  a  closed  system  re¬ 
mains  constant.  Mass  is  neither  created  nor  destroyed: 

(2.1:28)  mtot  =  ^m,  =  const  .  [kg] 

In  a  system  consisting  of  several  masses,  the  centre  of  gravity  of  the  system  also 
remains  constant,  regardless  of  the  movements  of  the  individual  masses  (such  as 
in  the  case  of  a  shot  sheaf). 

2.  The  law  of  conservation  of  momentum.  The  total  momentum  within  a  closed 
system  (i.e.  one  on  which  no  external  forces  are  acting)  remains  constant: 

(2.1:29)  Itot  =  =  const  •  CN-s] 

3.  The  law  of  conservation  of  angular  momentum.  The  total  momentum  within  a 
closed  system  (i.e.  one  on  which  no  external  moment  is  acting)  remains  constant: 

(2.1:30)  Ltot  =  ^L;  =  const  .  [kg-m2/s] 

4.  The  law  of  conservation  of  energy  for  mechanics.  The  sum  of  the  potential,  ki¬ 
netic  and  rotation  energy  in  a  closed,  frictionless  system  (with  no  energy  entering 
or  leaving  the  system)  remains  constant: 

(2.1:31)  Emech  =  ZEro.+  Z£kin+  ZEro,  =  const.  [J] 

However,  the  law  of  conservation  of  energy  goes  beyond  mechanics.  It  also  ap¬ 
plies  to  other,  non-mechanical  forms  of  energy. 

5.  The  general  law  of  conservation  of  energy.  The  total  energy  (i.e.  the  sum  of 
all  forms  of  energy)  in  a  closed  system  remains  constant. 

The  conversion  of  energy  from  one  form  to  another  within  a  system  is  not  nec¬ 
essarily  reversible. 

2.1. 3.6  Equations  of  motion 

In  physics,  the  motion  of  a  body  is  described  fully  if  its  position,  velocity  and  po¬ 
sition  in  space  are  known  at  every  point  in  time.  The  motion  of  a  body  is  deter¬ 
mined  exclusively  by  the  forces  acting  upon  it  and  the  accelerations  those  forces 
produce. 

Linking  the  acceleration  of  a  body  to  its  position  and  velocity  yields  equations 
of  motion.  These  form  a  system  of  differential  equations  that  describe  the  time- 
dependent  velocity  and  position  functions  of  a  body.  In  the  case  of  a  point  mass 
(e.g.  the  centre  of  gravity  of  a  body),  the  system  consists  of  six  equations  -  three 
for  the  spatial  coordinates  and  three  for  velocity.  A  rigid  body  of  non-zero  volume 
requires  six  further  equations,  which  describe  the  body's  position  in  space  and  the 
rate  at  which  its  position  changes.  In  many  cases,  however,  the  system  of  equa- 
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tions  of  movement  can  be  considerably  reduced.  This  is  the  case,  for  instance, 
when  no  force  is  acting  in  a  particular  direction. 

D'Alembert's  principle.  Equations  of  movement  can  be  derived  from  the  law  of 
conservation  of  energy  or  of  momentum  by  differentiation.  D’Alembert’s  princi¬ 
ple  allows  us  to  take  a  more  direct  approach.  This  principle  involves  replacing  the 
acceleration  of  a  body  by  a  fictitious  force  Fflct  which,  in  accordance  with  New¬ 
ton’s  Third  Law  of  Motion,  has  to  equal  the  sum  of  the  forces  applied: 

(2.1:32)  m-a  =  Fflct  ^F,  .  [N] 

The  equations  of  motion  utilize  another  basic  principle  of  mechanics:  the  ‘super¬ 
position  principle’.  This  principle  states  that  different  movements  of  a  body  occur¬ 
ring  simultaneously  do  not  influence  each  other.  Any  movement  can  therefore  be 
divided  into  separate  components,  one  for  each  of  the  axes  of  the  coordinate  sys¬ 
tem.  We  can  study  each  component  independently  of  the  others  and  hence  can 
describe  each  component  using  simple  equations. 

Trajectory  in  a  vacuum.  One  typical  example  of  how  equations  of  movement  are 
developed  and  solved  -  and  one  of  particular  relevance  to  ballistics  -  is  that  of  the 
trajectory  of  a  body  in  a  vacuum.  No  forces  act  along  the  x-axis,  and  the  only 
force  acting  along  the  y-axis  is  the  weight  of  the  body.  In  accordance  with 
d’Alembert’s  principle,  we  can  write  the  following  two  equations: 


(2.1:33a) 

m  •  vx  =  0 

(x-axis) , 

[N] 

(2.1:33b) 

m  •  vy  =  -m  -  g 

(y-axis) . 

[N] 

These  two  differential  equations  form  the  system  of  equations  of  movement  de¬ 
scribing  the  trajectory  of  a  body  in  a  vacuum.  We  can  readily  integrate  the  two 
equations,  using  the  initial  values  below,  derived  from  the  initial  velocity  Vo  and 


angle  of  departure  90: 

v0x  =  v0-cos90,  [m/s] 

v0y  =  v0  •  sin0o  .  [m/s] 

Integration  yields  the  following  two  equations: 

(2.1:34a)  x(t)  =  v0-cos@0-t,  [m] 

(2.1:34b)  y(t)  =  v0  •  sin90  •  t  -  \  ■  g  •  t2  .  [m] 

If  we  eliminate  t  from  both  equations,  we  obtain  the  equation  for  the  (parabolic) 
trajectory  of  a  body  in  a  vacuum: 

(2.1:35)  y(x)  =  tan  0O  •  x  -  — — f  X  .  [m] 

2  •  v0  •  cos  00 
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Taking  y  =  0  (base  of  the  trajectory),  the  maximum  range  xe  for  a  given  angle  of 
departure  90  is: 

2 

(2.1:36)  xe  =  —  •  sin (2  •  0O)  .  [m] 

g 

Similarly,  we  can  obtain  the  corresponding  time  of  flight  from  Eqn  2.1 :34b: 

(2.1:37)  te  =  2^-sin0o.  [s] 

g 

We  can  readily  determine  the  highest  point  along  the  trajectory  (the  peak)  if  we 
bear  in  mind  that  the  vertical  component  of  the  velocity  must  be  zero  at  that  point. 
This  gives  us  the  time  of  flight  to  the  peak  of  the  trajectory.  Substituting  this  into 
Eqn  2.1:34b  we  obtain: 

(2.1:38)  ys  =  •  sin2  0O  .  [m] 

2-g 

Combining  Equations  2.1:37  and  2.1:38  gives  us  the  principal  equation  for  the 
vertex  height.  This  equation  is  very  useful  in  practice,  and  to  a  close  degree  of 
approximation  is  also  valid  for  the  trajectory  of  an  object  subject  to  air  resistance: 

(2.1:39)  ys  =  i.g.t;.  [m] 

Velocity  as  a  function  of  distance.  It  is  often  clearer  to  show  velocity  as  a  func¬ 
tion  of  distance  instead  of  time.  For  these  purposes,  “distance”  generally  means 
the  distance  the  projectile  has  travelled  along  its  trajectory,  although  the  term  may 
refer  to  the  distance  travelled  along  the  x-axis  in  some  cases. 

For  example:  we  can  say  that  a  light,  high-speed  hunting  bullet  with  a  muzzle  velocity  of  1050  m/s 
undergoes  a  deceleration  of  1700  m/s2,  but  it  is  difficult  to  translate  this  information  into  anything 
practical.  If,  however,  we  say  that  the  bullet  loses  1.6  m/s  per  metre  travelled,  we  can  understand 
what  is  happening  much  more  easily. 


We  can  write  the  change  in  distance  along  the  trajectory  thus: 


This  yields  the  following  formula  for  converting  between  velocity  as  a  function  of 
time  and  velocity  as  a  function  of  distance  (using  the  typographical  convention 
specified  in  2.1.2): 


dv 

dt 
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(2.1:41)  v 


dv  ds 
ds  dt 


v'-v  . 


[m/s2] 


2.1.4  Fluid  dynamics 

2.1. 4.1  General 

The  materials  involved  in  wound  ballistics  (certain  types  of  tissue,  together  with 
the  soap  and  gelatine  used  as  simulants)  act  upon  a  bullet  in  a  manner  similar  to 
that  of  a  viscous  liquid.  It  is  considerably  easier  to  understand  such  phenomena  if 
we  model  them  as  such.  On  the  other  hand,  the  behaviour  of  a  bullet  in  tissue  or  in 
a  simulant  depends  to  a  large  degree  on  the  impact  conditions.  In  turn,  these  con¬ 
ditions  are  directly  linked  to  the  movement  of  the  bullet  in  air.  The  mechanics  of 
fluids  and  gases  -  known  as  fluid  dynamics  -  therefore  play  a  major  role  in 
wound  ballistics. 

When  we  are  studying  the  movement  of  a  body  in  a  medium  it  makes  no  dif¬ 
ference  whether  we  consider  the  medium  to  be  stationary  and  the  body  in  motion, 
or  the  body  stationary  and  the  medium  in  motion  (in  the  opposition  direction  and 
at  the  same  speed).  In  terms  of  physics,  the  two  approaches  are  equivalent.  We 
will  therefore  use  whichever  is  clearer  in  a  given  context. 

Motion  in  a  liquid  or  gaseous  medium  always  generates  heat,  whether  through 
friction  or  as  a  result  of  subjecting  a  gas  to  increased  pressure.  It  is  therefore  nec¬ 
essary  to  include  thermodynamic  processes  in  any  consideration  of  fluid  dynam¬ 
ics. 

2.1. 4.2  Basic  concepts  in  thermodynamics 

Temperature.  Temperature  is  one  of  the  basic  parameters  required  to  describe 
processes  that  involve  heat.  Temperature  describes  the  thermal  state  of  a  body  and 
serves  as  a  measure  of  the  total  kinetic  energy  of  the  molecules  that  make  up  that 
body.  It  is  independent  of  the  mass  and  the  material  composition  of  the  body. 

If  the  thermal  state  of  a  material  changes,  so  do  a  number  of  its  physical  char¬ 
acteristics,  such  as  its  dimensions  (length,  volume,  etc.),  its  colour  or  its  electrical 
conductivity.  We  can  use  this  behaviour  to  measure  temperature.  However,  it  is 
only  possible  to  conduct  relative  measurements.  As  a  result,  we  are  free  to  select 
the  zero  point  and  the  units  of  a  scale  at  will. 

The  SI  unit  for  temperature  is  the  Kelvin  [K],  The  only  difference  between  the 
Kelvin  and  the  older  degree  Celsius  [°C]  is  the  zero  point  used  for  the  two  sys¬ 
tems.  On  the  Celsius  scale,  0  °C  corresponds  to  the  freezing  point  of  water, 
whereas  0  K  corresponds  to  “absolute  zero,"  the  lowest  temperature  possible.  De¬ 
grees  Fahrenheit  are  in  widespread  use  in  some  English-speaking  countries.  All 
scales  are  calibrated  using  internationally  agreed  reference  points,  corresponding 
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Table  2-7.  Temperature  reference  points 


[K] 

[°C] 

[°F] 

Water 

Freezing  point 

273.15 

0.00 

32.00 

Boiling  point 

373.15 

100.00 

212.00 

Oxygen 

Boiling  point 

90.18 

-182.97 

-297.35 

Gold 

Melting  point 

1336.15 

1063.00 

1945.40 

to  the  boiling  and  freezing  points  of  various  materials  at  normal  pressure 
(1013.25  mb).  See  Table  2-7. 

Conversion  formulas  for  the  various  units  appear  after  the  table  of  symbols 
(p.  XXIII). 

Temperature  and  heat.  If  the  temperature  of  a  given  quantity  of  a  material  rises 
during  a  physical  process,  then  heat  has  been  introduced.  However,  an  increase  in 
temperature  means  that  the  total  kinetic  energy  of  the  molecules  in  the  quantity  of 
material  under  consideration  has  also  increased.  Heat  is  therefore  a  form  of  energy 
and  is  hence  measured  in  Joule.  The  quantity  of  heat  added  is  proportional  to  the 
mass  and  to  the  increase  in  temperature.  The  proportionality  factor  C  is  known  as 
the  specific  heat  capacity  of  the  material: 

(2.1:42)  AQ  =  C  •  m  •  AT  .  [J] 

States  of  matter.  The  state  of  a  material  can  be  solid,  liquid  or  gaseous.  The  more 
precise  terms  for  these  three  states  are  crystalline,  amorphous  and  gaseous.  In  the 
solid  state,  the  molecules  are  arranged  in  a  crystal  lattice,  and  are  held  in  place  not 
only  by  intermolecular  forces  of  attraction  but  also  by  lattice  linkage  forces.  Solid 
matter  has  a  specific  geometrical  form  and  a  fixed  volume. 

If  so  much  heat  is  applied  to  a  body  that  its  molecules  acquire  enough  kinetic 
energy  to  overcome  the  lattice  forces,  the  material  enters  the  amorphous  (liquid) 
state.  All  that  is  keeping  the  material  together  at  this  point  is  the  intermolecular 
force.  Liquid  matter  has  a  fixed  volume,  but  generally  has  no  specific  geometrical 
form. 

If  the  intermolecular  forces  are  sufficiently  strong,  amorphous  materials  may 
be  shape  stable.  Examples  of  this  include  glass  and  wax. 

If  we  add  enough  heat  to  raise  the  kinetic  energy  of  the  molecules  to  the  point 
at  which  the  intermolecular  forces  are  overcome,  the  molecules  become  free  to 
move.  The  material  enters  the  gaseous  state,  in  which  its  volume  is  limited  not  by 
the  quantity  of  matter  present,  but  by  the  total  space  available  to  it.  From  the 
above,  we  see  that  it  is  only  possible  to  change  the  state  of  a  material  to  the  next 
higher  level  by  adding  energy  in  the  form  of  heat.  Similarly,  the  corresponding 
quantity  of  energy  is  released  as  the  material  returns  to  a  lower  level. 
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Equation  of  state  for  gases.  Because  of  the  kinetic  energy  of  its  free  molecules,  a 
gas  exerts  a  pressure  p  on  the  surfaces  that  delimit  its  volume.  The  impacts  of  the 
particles  against  these  surfaces  result  in  a  mean  force  per  unit  area,  which  can  be 
explained  by  the  law  of  conservation  of  momentum.  Any  change  in  temperature 
(i.e.  in  kinetic  energy)  or  in  volume  (i.e.  in  surface  area)  will  affect  the  pressure. 
Pressure,  temperature  and  volume  are  the  thermodynamic  state  variables  of  the 
gas  in  question.  The  equation  that  links  these  variables  is  known  as  an  equation  of 
state.  The  best-known  equation  of  state  is  Boyle’s  law: 

(2.1:43)  p-V  =  m-R-T.  [J] 

Where  m  is  the  mass  of  the  gas  and  R  is  the  special  (material-dependent)  gas  con¬ 
stant.  If  a  gas  obeys  Boyle’s  law  (Eqn  2.1:43),  it  is  known  as  an  ideal  gas.  If  the 
density  of  the  gas  is  sufficiently  low  (i.e.  if  the  pressure  is  low),  many  gases  be¬ 
have  almost  as  ideal  gases. 

The  special  gas  constant  of  air  is  287.05  J/(kg-K). 

In  gas  dynamics,  we  generally  use  density  (mass  per  unit  volume)  rather  than 
mass.  Eqn  2.1 :43  can  then  be  written: 

(2.1:44)  ^  =  R-T  .  [J/kg] 

P 

If  temperature  remains  constant,  the  right-hand  side  of  the  equation  remains  con¬ 
stant,  and  hence  so  does  the  left-hand  side. 

Heat,  work  and  internal  energy.  As  the  volume  of  a  material  can  only  change 
considerably  when  it  is  in  a  gaseous  state,  it  follows  that  materials  can  only 
convert  heat  energy  into  mechanical  work  (energy)  when  they  are  in  that  state. 
Devices  that  perform  this  conversion  are  known  as  heat  engines. 

Heat  engines  -  which  include  firearms  -  always  use  materials  in  gaseous  form.  Those  materials  are 
usually  created  by  heating  or  by  combustion. 

If  the  volume  of  a  gas  is  increased  by  heating  it,  then  the  gas  performs  work.  Ac¬ 
cording  to  Eqn  2.1:17,  the  work  done  is  proportional  to  the  force  exerted  (pressure 
•  area)  and  the  distance  moved  (see  Fig.  2-3): 

(2.1:45)  AW  =  p-  A  •  As  =  p-  AV  .  [J] 

As  we  know,  the  ability  to  do  work  is  potential  energy. 

The  potential  energy  of  a  gas  of  volume  V  at  a  pressure  p  is  therefore: 

(2.1:46)  Edr  =  p-V.  [J] 

In  this  context,  the  potential  energy  of  the  gas  is  termed  pressure  energy. 

When  heat  energy  is  added  to  a  system,  two  things  happen.  The  first  is  that  the 
total  kinetic  energy  of  the  molecules  in  that  system  (its  internal  energy  U)  in¬ 
creases,  which  means  that  its  temperature  also  increases.  The  second  is  that  the 
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Fig.  2-3.  Calculating  the  work  done  as  a  gas  expands 
over  a  distance  As. 


system  performs  mechanical  work.  The  following  energy  balance  therefore  ap¬ 
plies: 

(2.1:47)  dQ  =  dU  +  dW  =  dU  +  p  •  dV  .  [J] 

If  no  heat  is  added  to  the  system  (dQ  =  0)  then,  from  Eqn  2.1:47: 
dU  +  p  •  dV  =  0  , 

and  hence: 

(2.1:48)  U  +  p-V  =  const  .  [J] 

The  sum  of  internal  energy  and  pressure  energy  therefore  remains  constant. 

This  statement,  taken  with  the  corresponding  law  of  mechanics  (Eqn  2.1:31) 
constitutes  the  mechanical  thermodynamic  law  of  conservation  of  energy: 

(2.1:49)  Etot  =  Emech  +  Edr  +  U  =  const  .  [J] 

In  order  for  the  temperature  of  a  gas  to  rise  by  a  specific  amount,  the  gas  must 
absorb  more  heat  at  a  constant  pressure  than  at  a  constant  volume.  This  is  a  direct 
consequence  of  Eqn  2. 1 :48. 

If  volume  remains  constant  (dV  =  0),  all  of  the  additional  heat  is  used  to  raise  the  internal  energy 
of  the  gas  (i.e.  its  temperature),  as  no  mechanical  work  can  be  done.  At  constant  pressure,  how¬ 
ever,  heat  is  “lost”  to  work,  and  the  temperature  increase  is  smaller. 

This  means  that  the  specific  heat  capacity  in  Eqn  2.1:42  is  greater  at  constant 
pressure  than  at  constant  volume: 

(2.1:50)  Y  =  ~  >  1  •  [-] 

cv 

The  quotient  y  is  known  as  the  adiabatic  coefficient. 

2.1. 4.3  Material  characteristics 

Density  and  compressibility.  When  liquids  and  gases  (fluids)  are  subjected  to  a 
force  they  change  their  form  and,  in  many  cases,  their  volume.  In  order  to  de- 
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scribe  motion,  we  therefore  need  physical  parameters  that  describe  the  main  char¬ 
acteristics  of  the  materials  involved.  In  fluid  dynamics,  density  p  is  more  impor¬ 
tant  than  mass: 

(2.1:51)  p  =  V  '  [kg/m3] 

The  compressibility  of  a  material  is  a  measure  of  the  relative  change  in  the  vol¬ 
ume  of  that  material  in  response  to  a  change  in  pressure: 

1  dV 

(2.1:52)  k  =  .  [1/Pa] 

V  dp 

The  minus  sign  indicates  that  an  increase  in  pressure  brings  about  a  decrease  in  volume. 

Liquids  are  generally  considered  incompressible.  At  low  speeds,  we  can  make  the 
same  assumption  for  gases. 

Viscosity.  The  absence  of  lattice  force  means  that  a  fluid  changes  its  form  when 
subjected  to  an  external  force.  However,  the  fluid  reacts  to  that  force  with  a  cer¬ 
tain  inertia.  This  resistance,  caused  by  the  intermolecular  forces  of  attraction,  is 
termed  viscosity.  If  a  shear  stress  is  applied  to  the  fluid,  with  a  shear  force  Fr,  (see 
Fig.  2-4),  a  velocity  gradient  is  created  in  the  area  under  stress.  In  Newtonian  flu¬ 
ids,  this  gradient  is  proportional  to  the  stress: 

(2.1:53)  a,  =  ffe  =  i\-—  .  [N/m2] 

s  A  dy 

The  proportionality  factor  is  the  dynamic  viscosity’,  r|: 

(2.1:54)  ii  =  o,-^.  [Pa-s] 

dv 

Dynamic  viscosity  as  a  function  of  the  density  of  the  fluid  is  known  as  kinematic 
viscosity: 

(2.1:55)  v  =  —  .  [m2/s] 

P 

Viscosity  depends  very  much  on  temperature,  with  the  viscosity  of  a  gas  changing 
with  temperature  in  exactly  the  opposite  manner  to  that  of  a  liquid. 


Fig.  2-4.  Dynamic  viscosity. 
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As  the  temperature  of  a  liquid  (and  hence  its  internal  energy)  increases,  the  effect  of  the  intermo- 
lecular  forces  decreases,  and  it  becomes  less  viscous.  In  the  case  of  a  gas,  internal  friction  is 
caused  by  the  exchange  of  momentum  between  freely  moving  molecules.  As  temperature  in¬ 
creases,  the  speed  of  those  molecules  increases,  causing  the  gas  to  become  more  viscous. 

If  the  mass  remains  constant,  a  fluid  also  resists  any  change  in  volume,  as  a 
change  in  volume  can  only  occur  if  the  form  of  the  fluid  also  changes.  This  effect 
is  known  as  bulk  viscosity,  which  is  to  be  distinguished  from  dynamic  viscosity. 


Speed  of  sound.  Changes  in  pressure  and  density  (disturbances)  propagate 
through  a  fluid  in  the  form  of  longitudinal  waves. 

In  the  case  of  longitudinal  waves,  the  disturbances  oscillate  in  the  same  direc¬ 
tion  as  that  in  which  the  wave  is  moving. 

If  the  disturbances  remain  small,  they  propagate  at  the  speed  of  sound.  In  liq¬ 
uids,  this  speed  depends  on  density  and  compressibility: 


(2.1:56) 


[m/s] 


In  gases,  it  depends  on  density  and  pressure: 


(2.1:57) 


v/yR-T  • 


[m/s] 


The  symbol  y  represents  the  ratio  of  the  specific  heat  capacities,  Cp/cv 
(Eqn  2.1:50).  For  air,  its  value  is  1.4. 


The  general  equation  for  the  propagation  speed  of  small  disturbances  in  a  gas  is: 


(2.1:57a) 


c2  = 


^Sp^ 
v^P/as  =  o 


[m2/s2] 


The  significance  of  AS  =  0  is  that  changes  in  temperature  have  no  effect  on  the  heat  (energy).  This 
is  known  as  constant  entropy.  In  the  case  of  an  isentropic  gas,  this  gives  us  the  first  part  of 
Eqn  2.1:57. 


In  accordance  with  Eqn  2.1:43,  the  second  part  of  Eqn  2.1:57  only  applies  to  ideal 
(or  nearly  ideal)  gases.  In  such  cases,  the  speed  of  sound  depends  solely  on  tem¬ 
perature.  As  a  result,  this  speed  is  a  suitable  reference  speed  for  compressible  me¬ 
dia.  This  leads  us  to  the  definition  of  the  Mach  number,  Ma: 


(2.1:58)  Ma  =  -  . 

c 


[-] 


The  behaviour  of  a  flow  is  closely  related  to  the  Mach  number,  which  gives  us  a 
simple  classification  criterion. 

If  Ma  <  1,  the  flow  is  described  as  subsonic.  If  Ma=  1,  the  flow  is  described  as  transonic.  If 
Ma  >  1 ,  the  flow  is  said  to  be  supersonic. 
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2.1. 4.4  Frictionless  flow 

Definition.  Laws  of  conservation.  The  study  of  flow  is  much  simplified  if  one 
ignores  internal  friction.  This  implies  that  no  shear  stresses  occur,  and  hence  that 
the  fluid  does  not  deform.  This  assumption  also  ignores  the  fact  that  every  fluid 
adheres  to  a  fixed  surface.  As  a  result,  external  friction  is  also  ignored.  Despite 
this  limitation,  a  surprising  number  of  phenomena  can  be  described  and  presented 
in  the  form  of  laws. 

This  is  because  when  a  fluid  flows  over  a  body,  the  effect  of  friction  is  often  limited  to  a  thin  layer 
at  the  surface  of  the  body  (known  as  the  boundary  layer).  If  the  thickness  of  this  boundary  layer  is 
very  small  compared  to  the  other  dimensions  of  the  flow,  we  can  safely  ignore  the  effects  of  fric¬ 
tion. 

A  fluid  in  which  no  internal  friction  forces  occur  is  termed  frictionless.  If,  in  ad¬ 
dition,  the  fluid  is  incompressible,  it  is  said  to  be  ideal.  Flow  is  also  described  in 
terms  of  its  relation  to  time.  If  the  speed  and  thermodynamic  characteristics  of  the 
flow  depend  only  on  position,  and  do  not  change  over  time,  the  flow  is  described 
as  stationary. 

The  laws  of  conservation  of  mass,  energy  and  momentum  set  out  in  2. 1.3.5 
also  apply  to  the  movements  of  fluids.  Here  again,  the  conservation  of  mass  plays 
a  central  role:  the  change  in  mass  in  any  fixed  volume  element  corresponds  to  the 
difference  between  the  mass  entering  the  system  (subscript  1  in  the  equation  be¬ 
low)  and  the  mass  leaving  it  (subscript  2): 

(2.1:59)  ^  =  Pl-vrA,  -  p2-v2-A2  .  [kg/s] 

At 

This  relationship  is  known  as  a  continuity  equation.  For  an  incompressible  fluid 
(i.e.  Am/ At  =  0,  p  =  const),  Eqn  2.1:59  becomes: 

(2.1:59a)  v-A  =  const  .  [m3/s] 

Speed  and  flow  cross-section  are  inversely  proportional  to  one  another.  The  law 
of  conservation  of  energy  applies.  If  no  heat  is  added,  the  sum  of  pressure  energy, 
kinetic  energy,  potential  energy  and  internal  energy  remains  constant  (see 
Eqn  2.1:49): 


Edr  +  E  kin  +  Ep0,  +  U  =  COnSt  , 

[J] 

(2.1:60) 

p-V  +  |-  m-v2+m-g-y  +  U  =  const  . 

[J] 

Momentum  and  angular  momentum  are  also  conserved  in  a  flow.  As  in  the  case  of 
mechanics,  we  obtain  the  equations  of  motion  for  flow  from  the  law  of  conserva¬ 
tion  of  momentum,  using  d'Alembert's  principle.  In  the  case  of  flow,  the  formulas 
are  known  as  Euler's  formulas.  The  question  of  angular  momentum  arises  only  in 
turbulent  flow,  which  we  shall  ignore  in  this  context. 
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Bernoulli's  equation.  In  theory,  Bernoulli’s  equation  is  an  equation  of  motion, 
and  has  to  be  derived  from  the  equilibrium  of  forces  acting  on  a  liquid  element. 
However,  in  the  case  of  ideal  flow  (i.e.  where  p  and  U  are  both  constant)  it  is  eas¬ 
ier  to  derive  this  equation  from  the  law  of  conservation  of  energy  (Eqn  2.1:60)  by 
dividing  by  volume: 

(2.1:61)  p  +  i-p-v2+p-g-y  =  const  ,  [N/m2] 

or,  if  we  also  assume  a  constant  flow  height: 

(2.1:61a)  p,  +  y-pj-v2  =  p0  +  ^'Po'vo  =  const  .  [N/m2] 

This  means  that  pressure  and  flow  velocity  are  directly  related  to  one  another.  If 
pressure  is  high,  fluid  velocity  is  low.  If  pressure  is  low,  fluid  velocity  is  high. 
Acceleration  occurs  when  there  is  a  pressure  gradient. 

Flow  forces.  If  a  flow  strikes  a  flat,  stationary  plate  at  right  angles,  the  flow  ve¬ 
locity  drops  to  zero  at  the  surface  of  the  plate.  If  we  use  o  to  indicate  the  values  for 
undisturbed  flow  and  i  for  those  at  the  plate  surface,  then  from  Eqn  2.1:61a,  for 
vi  =  0  we  have: 

Pi  =  Po  +  T'Po ' Vo  , 

(2.1:62)  Pl  -  Po  =  i '  Po  '  vo  •  [N/m2] 

The  left-hand  side  of  Eqn  2.1:62  corresponds  to  the  increase  in  pressure  at  the 
plate  surface  by  comparison  with  the  pressure  in  undisturbed  flow.  This  is  termed 
the  stagnation  pressure  of  the  plane  plate. 

In  the  case  of  a  real  body,  the  streaming  pressure  depends  not  only  on  velocity  but  also  on  the  form 
and  dimensions  of  the  body.  The  actual  values  will  differ  from  those  calculated  using  the  equation 
above. 

The  streaming  pressure  on  a  specific  body  is  described  using  the  ratio  of  the  actual 
increase  in  pressure  to  the  plane  stagnation  pressure.  This  (dimensionless)  quan¬ 
tity  is  known  as  the  pressure  coefficient  of  the  body: 

(2.1:63)  Cp  =  Peff  ~  Po  .  [-] 

i-p-v 

The  force  that  a  flow  exerts  on  a  body  (the  flow  resistance)  is  obtained  by  multi¬ 
plying  the  force  by  the  effective  area.  However,  it  is  often  difficult  to  determine 
this  area.  The  effective  area  is  therefore  replaced  by  a  fixed  reference  area  Ao 
which,  together  with  the  plane  stagnation  pressure  from  Eqn  2.1:62,  yields  a  ref¬ 
erence  force  that  is  independent  of  the  shape  of  the  body.  Dividing  the  effective 
resistance  Fd  by  this  reference  force  gives  another  dimensionless  quantity  that 
takes  account  of  all  form-specific  influences.  This  quantity  is  known  as  the  drag 
coefficient. 
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(2.1:64)  CD  =  -- - ,  [-] 

T-P-V  •  A0 

(2.1:64a)  FD  =  -  CD  • }  ■  p  ■  v2  •  A0  .  [N] 


The  minus  sign  indicates  that  the  force  acts  in  the  opposite  direction  to  the  movement. 

A  body  subject  to  a  flow  experiences  a  lift  force  (FD)  -  a  force  perpendicular  to 
the  direction  of  flow  -  when  the  pressure  on  its  two  sides  is  unequal  as  a  result  of 
the  flow  velocity  on  the  two  sides  being  unequal  (Bernoulli’s  equation).  The  lift 
force  is  calculated  in  relation  to  the  same  reference  force  as  the  resistance/drag. 
The  corresponding  ratio  is  known  as  the  lift  force  coefficient 

(2.1:65)  CL  =  - - .  [-] 

i’P'V  •  A0 


As  a  lift  force  generally  acts  at  a  point  away  from  the  centre  of  gravity,  it  will  also 
induce  a  torque  M,  with  its  own  reference  distance  d.  The  corresponding  parame¬ 
ter  is  known  as  the  overturning  moment  coefficient : 


(2.1:66) 


C„ 


p- v 


M 


[-] 


The  reference  area  and  distance  chosen  differ  according  to  the  area  of  study.  In  the  aerodynamics 
of  missiles,  one  often  uses  either  the  largest  cross-section  in  the  plane  of  the  flow  or  the  wing  sur¬ 
face/wingspan.  In  ballistics,  however,  one  generally  uses  the  calibre  cross-sectional  area  (which  is 
generally  smaller  than  the  cross-sectional  area  of  the  bullet)  and  the  calibre.  It  is  therefore  impor¬ 
tant  to  specify  the  reference  value  when  stating  a  coefficient. 

Furthermore,  coefficients  are  always  expressed  as  a  function  of  the  Mach  number. 


2.1. 4. 5  Flow  of  a  viscous  fluid 

Forces  and  equations  of  motion.  In  accordance  with  d’Alembert’s  principle, 
equations  of  motion  are  derived  by  equating  inertial  force  and  the  forces  acting  on 
a  body.  Because  density  and  volume  are  subject  to  change,  both  are  expressed  as  a 
function  of  mass. 

The  following  discussion  applies  to  a  one-dimensional  flow  (a  streamline).  This  makes  the  rela¬ 
tionships  considerably  simpler  and  clearer,  and  facilitates  comprehension  of  the  subject.  For  com¬ 
plete  versions  of  the  general  equations  of  motion  for  fluids,  please  consult  the  literature  on  the 
subject. 

A  particle  in  a  flow  can  undergo  a  change  in  velocity  under  two  circumstances: 

-  when  the  velocity  field  changes  over  time  (unsteady  flow); 

-  when,  in  a  (stationary)  velocity  field,  it  is  displaced  to  a  position  at  which 
the  flow  velocity  is  higher  or  lower. 
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Total  acceleration  is  derived  from  the  combination  of  the  two  sources.  This  accel¬ 
eration  is  known  as  the  substantial  acceleration : 


(2.1:67) 


dv  dv  dv 

—  =  —  +  v - 

dt  dt  dx 


[m/s2] 


The  two  terms  on  the  right  can  be  interpreted  as  time-dependent  or  position-dependent  inertial 
forces,  expressed  as  a  function  of  mass. 


In  calculating  the  forces,  we  assume  that  the  streamline  under  consideration  is 
oriented  along  the  x-axis  and  has  a  cross-section  of  dy  x  dz  (see  Fig.  2-5).  The 
compressive  force  per  unit  mass  on  a  flow  element  of  length  dx  is  then: 


(2.1:68) 


(p  +  dp )  •  dy  •  dz  -  p  •  dy  •  dz 
p  •  dx  •  dy  •  dz 


1  dp 
p  dx 


[N/kg] 


and  the  frictional  force  is: 


(2.1:69) 


(ct  +  da)  •  dy  •  dz  -  a  •  dx  •  dz 
p  •  dx  •  dy  •  dz 


1  da 
P  8y  ' 


[N/kg] 


In  the  case  of  a  Newtonian  fluid,  we  can  substitute  the  shear  stress  from  Eqn 
2.1:53: 


(2.1:70) 


da  _  d  dv' 

dy  dy  dy. 


[N/m3] 


Weight  is  omitted,  as  it  does  not  exert  a  force  along  the  x-axis,  nor  will  we  include 
any  external  forces,  as  these  would  only  introduce  an  additional  summand.  From 
Equations  2.1:67,  2.1:68  and  2.1:69,  and  taking  into  account  Eqn  2.1:70,  we 
obtain: 


(2.1:71) 


dv 

—  +  v 

dt 


dv 

dx 


1  dp  d2v 

- +  v - -  . 

p  dx  dy' 


[m/s2] 
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The  three  equations  obtained  by  extending  Eqn  2.1:71  to  three  dimensions  are 
known  as  the  Navier-Stokes  equations  for  (incompressible)  Newtonian  fluids. 
They  only  produce  unique  solutions  under  very  special  conditions.  To  solve  real 
problems,  we  must  use  numerical  methods  (e.g.  finite  elements). 


For  stationary  (dv/dt  =  0)  and  frictionless  (v  =  0)  flow,  given  that 


dv 

v - 

5x 


we  obtain  the  following  equation  from  Eqn  2.1:71: 


+  P) 


0  . 


This  corresponds  to  Bernoulli’s  equation  (Eqn  2.1:61a)  which,  as  mentioned  above,  is  derived 
from  the  equations  of  motion. 


Taking  account  of  viscosity.  Reynolds  number.  From  the  parameters  of  a  flow  - 
length  s,  velocity  v,  time  t,  pressure  p  and  density  p  -  it  is  possible  to  derive  a 
term  for  each  of  the  mass-related  forces  in  Eqn  2.1:71.  By  forming  quotients,  it  is 
possible  to  derive  a  number  of  dimensionless  values  from  these  four  terms,  which 
can  then  be  used  to  describe  the  forces  in  the  flow. 

In  order  to  decide  whether  it  is  possible  to  ignore  friction  in  a  flowing  fluid,  we 
must  know  the  ratio  of  inertia  forces  to  friction  forces.  This  (dimensionless) 
quantity  is  called  the  Reynolds  number.  After  the  Mach  number,  the  Reynolds 
number  is  the  most  important  parameter  for  describing  a  flow: 


(2.1:72) 


Re 


v2/s 
V  •  v/s2 


V  •  s 

V 


[-] 


If  Re  »  1,  e.g.  if  speed  is  high  or  viscosity  is  low,  it  is  possible  to  ignore  friction. 

Since  every  flowing  fluid  adheres  to  a  solid  body,  there  is  a  layer  at  the  surface  of  the  body  within 
which  the  velocity  of  the  flow  rises  from  zero  to  flow  velocity,  and  within  which  friction  occurs. 
For  large  Reynolds  numbers  this  layer  (the  boundary  layer)  is  very  thin,  and  friction  can  be  ig¬ 
nored. 

If  Re  «  1  or  Re  <  1,  the  friction  forces  must  be  taken  into  account  in  all  parts  of 
the  flow.  This  is  the  case  for  low  speeds,  small  dimensions  or  high  levels  of  vis¬ 
cosity. 

From  the  values  in  Table  2-8,  we  can  see  that  the  flight  of  a  bullet  in  air  can  be 
treated  as  frictionless  flow,  whereas  friction  cannot  be  ignored  when  a  bullet 
passes  through  a  dense  medium,  such  as  glycerine  soap  or  gelatine. 


Tabic  2-8.  Examples  of  Reynolds  numbers  for  bullets 


Bullet 

Re 

Rifle  bullet,  v  =  800  m/s,  s  =  30  mm; 

in  air 

1.8-106 

in  glycerine  soap 

0.05 

Pistol  bullet,  v  =  300  m/s,  s  =  15  mm; 

in  air 

3.4-105 

in  gelatine 

U 
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2.1.5  Fluid  jets 
2. 1.5.1  General 

A  jet  occurs  when  a  fluid  escapes  from  an  opening  in  a  container  and  penetrates 
another,  stationary  fluid,  at  a  certain  velocity.  The  density,  state  and  composition 
of  the  two  fluids  can  be  the  same  or  different.  Such  a  jet  always  forms  a  mass 
flow.  At  high  speeds  or  high  densities,  it  can  possess  considerable  kinetic  energy. 
Under  such  circumstances,  and  up  to  a  certain  distance,  a  jet  can  be  seen  as  a  pro¬ 
jectile,  and  can  have  a  corresponding  effect. 

Exit  flow  phenomena  occur  when  there  is  a  pressure  differential  between  the 
container  and  its  surroundings.  It  is  this  differential  that  is  responsible  for  the  ac¬ 
celeration  of  the  mass  flow.  The  cross-sectional  form  of  the  opening  plays  a  deci¬ 
sive  role.  If  the  cross-section  of  a  tube  varies,  it  is  termed  a  nozzle.  If  the  tube  is  at 
its  narrowest  at  its  exit,  it  is  known  as  a  muzzle. 


2.1. 5.2  Exhaust  flow  from  a  muzzle 


In  order  to  calculate  the  energy  flux  and  the  energy-flux  density  (which  ultimately 
determines  the  wounding  potential  of  the  jet),  we  must  first  determine  the  exhaust 
velocity  and  the  mass  flow  rate  through  the  nozzle. 

The  process  by  which  a  gas  leaves  a  nozzle  is  adiabatic,  or  nearly  so.  This 
means  that  heat  exchange  with  the  surroundings  can  be  ignored.  The  equation  of 
state  for  adiabatic  processes  is: 

(  V 

(2.1:73)  —  =  —  ,  [-] 

Po  VPo  v 


where  y  is  the  adiabatic  coefficient. 


The  exhaust  velocity  is  calculated  using  Bernoulli’s  equation,  with  density  as  per 
Eqn  2.1:73.  After  some  calculation,  we  obtain: 


(2.1:74) 


2  •  y 

.  Pi_. 

1  - 

Y-l  ~ 
"Pm  |  Y 

Y  ~  1 

Pi 

vPi  J 

[m/s] 


where  vm  is  the  exhaust  velocity,  pm  the  exit  pressure  and  pj  and  p;  the  pressure  and  density  of  the 
fluid  in  the  container. 

Using  Eqn  2.1:59,  and  taking  Eqn  2.1:73  into  account,  the  mass  flow  rate  for  an 
exhaust  cross-sectional  area  A  is: 
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The  mass  flow  rate  therefore  depends  upon  the  pressure  and  density  of  the  fluid  in 
the  container,  the  cross-sectional  area  of  the  opening  and  the  ratio  of  the  pressure 
inside  the  container  to  the  pressure  at  the  muzzle.  From  Eqn  2.1:75,  it  is  apparent 
that  there  exists  a  pressure  ratio  pm/pi  at  which  the  mass  flow  rate  reaches  a  maxi¬ 
mum. 


Eqn  2.1:75  is  a  continuous  function,  with  a  value  of  zero  both  at  pm/p;  =  1  and  at  pm/pi  =  0.  A 
maximum  must  therefore  occur  somewhere  between  these  two  values. 

That  pressure  ratio  is  known  as  the  critical  pressure  ratio  and  the  corresponding 
muzzle  pressure  is  the  de  Laval  pressure ,  Pl.  Substituting  extreme  values  into  Eqn 
2.1:75  we  obtain: 
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The  corresponding  velocity  is  called  the  de  Laval  velocity.  This  is  the  maximum 
possible  exhaust  velocity  for  a  gas  leaving  a  muzzle: 
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The  corresponding  mass  flow  rate  is  given  by  the  following  equation: 


(2.1:78) 
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If  the  ambient  pressure  is  greater  than  or  equal  to  the  de  Laval  pressure,  the  es¬ 
caping  gas  can  expand  fully  in  the  muzzle.  The  jet  will  be  focused  and  will  be 
capable  of  transferring  kinetic  energy.  If  the  ambient  pressure  is  lower  than  the  de 
Laval  pressure,  the  gas  cannot  expand  fully  in  the  muzzle.  Expansion  from  muzzle 
pressure  to  ambient  pressure  will  occur  explosively,  causing  completely  turbulent 
flow  that  is  incapable  of  doing  work. 


2.1. 5.3  De  Laval  nozzles  (converging-diverging  nozzles) 

From  the  continuity  equation  and  Bernoulli’s  equation,  we  can  now  show  that 
there  is  a  close  relationship  between  the  Mach  number  of  the  flow  Ma  and  the 
form  of  a  nozzle. 
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From  the  equation  of  motion,  Eqn  2.1:71,  we  obtain  Bernoulli’s  equation  in  differential  form  for  a 
stationary,  frictionless  flow  (the  precondition  for  a  jet): 


(2.1:79) 
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Multiplying  the  equation  by  dx  and  inserting  dp  in  the  first  term  and  v  in  the  second,  we  obtain: 
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However,  from  Eqn  2.1:57a,  the  first  factor  in  the  first  summand  is  the  speed  of  sound  squared, 
which  means  that  we  can  insert  the  Mach  number  Ma  in  Eqn  2. 1 :80: 


(2.1:81) 
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As  we  can  assume  that  the  flow  is  stationary,  the  mass  flow  rate  over  time  is  constant.  We  can 
therefore  express  Eqn  2. 1 :59  in  differential  form,  thus: 

dp 
P 

Replacing  the  first  summand  in  Eqn2.1:81  with  the  aid  of  Eqn  2.1:82,  we  obtain  the  following 
after  calculation: 
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From  this  equation,  it  is  apparent  that  acceleration  only  occurs  at  Ma  <  1  (i.e.  when  Sv/v  >  0)  with 
a  convergent  nozzle  (oA/ A  <  0)  and  only  occurs  at  Ma  >  1  with  a  divergent  nozzle  (8A/A  >  0). 

In  other  words,  subsonic  flows  will  be  accelerated  by  a  convergent  nozzle,  super¬ 
sonic  flows  by  a  divergent  nozzle.  With  a  combination  of  these  two  types  of  noz¬ 
zle,  it  is  therefore  possible  to  achieve  gas  velocities  well  over  the  speed  of  sound. 
This  type  of  nozzle  is  called  a  convergent-divergent  nozzle,  or  de  Laval  nozzle.  By 
choosing  the  length  of  the  divergent  section  appropriately,  it  is  possible  to  ensure 
that  the  pressure  in  the  exit  section  is  equal  to  ambient  pressure.  The  nozzle  is 
then  said  to  be  adjusted.  It  is  under  these  conditions  that  the  jet  attains  the  maxi¬ 
mum  possible  speed. 


The  exhaust  gas  velocity  is  calculated  using  Eqn  2.1:74,  taking  the  pressure  at  the  exhaust  cross 
section  for  p.  Eqn  2.1:78  gives  the  mass  flow  rate  for  the  smallest  cross  section. 

The  exhaust  gas  velocity  and  the  mass  flow  rate  form  the  basis  for  calculating  the 
jet.  These  two  variables  also  determine  the  maximum  energy-flux  density  (i.e.  the 
energy  hitting  a  given  area  per  unit  time)  that  can  occur  in  the  jet. 


2.1. 5.4  Jet  velocity  and  energy 

Except  at  very  low  velocities  (which  are  unlikely  to  cause  jet  injuries),  a  free  jet 
becomes  turbulent  very  shortly  after  emerging  from  the  nozzle. 

In  turbulent  flow,  irregular  fluctuating  motion  is  superposed  upon  the  basic  longitudinal  motion. 
As  a  result,  the  fluid  particles  are  able  to  move  transverse  to  the  direction  of  flow.  In  laminar  flow, 
this  does  not  occur. 

The  velocity  of  a  turbulent  flow  must  therefore  be  seen  as  a  mean  value  over  time.  Because  of 
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the  different  directions  in  which  the  particles  are  moving,  there  is  an  apparent  increase  in  internal 
friction  by  comparison  with  the  mean  movement  (see  2. 1.4.3).  This  eddy  kinematic  viscosity  is  an 
important  descriptor  of  turbulent  flow. 


As  a  result  of  the  turbulence,  the  jet  partly  mixes  with  the  surrounding  fluid,  drag¬ 
ging  particles  of  that  fluid  along  with  it.  The  mass  of  fluid  picked  up  by  the  jet 
increases  with  distance,  and  the  jet  becomes  broader.  At  the  same  time,  its  veloc¬ 
ity  decreases,  as  total  momentum  remains  constant. 

For  the  purposes  of  wound  ballistics,  we  can  limit  ourselves  to  studying  round 
jets,  as  both  the  gases  that  exit  the  muzzle  of  a  weapon  and  the  propulsion  jet  of  a 
rocket  belong  to  this  category.  One  advantage  of  round  jets  is  that  the  eddy  kine¬ 
matic  viscosity  is  constant  throughout  the  jet.  This  being  so,  the  equation  for  the 
mean  velocity  distribution  in  the  jet  is  as  follows  (only  the  component  acting  in 
the  direction  of  the  jet  being  relevant): 


(2.1:84) 
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where  P  is  calculated  as  follows: 
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Symbols  for  the  formulas  above: 

x  distance  from  opening  r  distance  from  axis  of  jet 

I  total  momentum  (per  unit  time)  p  density 

e  apparent  kinematic  viscosity 

Along  the  axis  of  the  jet  (r  =  0),  P  is  zero,  which  simplifies  Eqn  2.1:84  considera¬ 
bly.  If  we  know  the  velocity,  we  can  use  the  mass  flow  rate  from  Eqn  2.1:59  to 
calculate  the  energy-flux  density  (energy  density  E'  per  unit  time)  as  follows: 

(2.1:85)  ^  =  fp-v3x. 

The  main  difficulty  in  performing  such  calculations  lies  in  determining  the  eddy 
kinematic  viscosity.  This  can  be  accomplished  by  taking  pressure  measurements 
along  the  axis  of  the  jet.  From  the  pressure,  we  can  determine  the  velocity,  which 
in  turn  allows  us  to  calculate  £  from  Eqn  2.1:84. 

2.1.6  Measuring  techniques  for  wound  ballistics 
2. 1.6.1  General 

Wound  ballistics  is  very  much  an  experimental  science.  The  starting  point  is  al¬ 
ways  the  observation  of  phenomena,  which  are  generally  preceded  by  events  of 
which  the  preconditions  are  unknown.  In  order  to  understand  these  phenomena, 
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we  perform  experiments.  That  simply  means  repeating  the  events  under  known, 
defined  conditions.  This  is  the  only  way  of  understanding  the  sequence  “ precon¬ 
ditions  =>  event  => phenomenon  ’  and,  if  possible,  creating  a  physical  model. 

Scientific  experiments  must  be  reproducible.  This  means  that  the  entire  se¬ 
quence  of  events  must  meet  certain  conditions.  An  experiment  therefore  involves 
measuring  not  only  the  events  (the  “results”)  but  all  the  preceding  processes  and 
preconditions  that  could  affect  the  results.  Measurements  are  hence  of  vital  im¬ 
portance  to  empirical  science. 

From  a  mathematical  standpoint,  measurements  are  a  type  of  mapping.  Nu¬ 
merical  values  are  assigned  in  a  physical  “model  space”  to  a  time-  and  space-re¬ 
lated  situation  observed  in  “real  space.”  This  implies  that  the  observer  conducting 
the  measurements  always  has  a  model  of  the  process  in  his  head,  even  if  he  is  un¬ 
aware  of  this.  As  a  result,  there  is  the  danger  that  he  will  attempt  to  use  the  results 
of  measurements  to  confirm  his  preconceptions.  It  is  important  to  adopt  a  critical 
attitude  and  to  be  prepared  to  revise  one’s  assumptions,  both  in  designing  the  ex¬ 
periment  and  when  interpreting  the  results.  The  aim  of  an  experiment  is  not  to 
confirm  one’s  assumptions,  but  to  discover  “reality.  ” 

2.1. 6.2  Dynamic  phenomena 

Recording  the  motion  of  a  bullet  -  especially  in  a  dense  medium  -  poses  a  number 
of  problems.  The  most  significant  problem  is  that  all  the  processes  occur  within  a 
very  short  time.  For  instance,  at  an  impact  speed  of  900  m/s  it  takes  a  bullet  ap¬ 
proximately  1  ms  to  penetrate  to  a  depth  of  30  cm.  In  the  process,  very  high  de¬ 
celerations  occur,  the  axis  of  the  bullet  rotates  about  a  transverse  axis  and  the 
bullet  often  deforms  or  breaks  up  into  several  pieces.  Regardless  of  the  type  of 
measuring  system,  all  measurements  must  be  recorded  at  a  frequency  of  a  few  ps. 

Velocity  and  deceleration.  In  ballistics,  the  most  relevant  parameters  are  the  ve¬ 
locity  and  deceleration  of  a  bullet.  If  these  two  values  are  known  for  all  points,  the 
forces  can  be  calculated  from  Eqn  2.1:14  and  the  energy  present  from  Eqn  2.1:19. 
These  are  the  physical  parameters  of  greatest  importance  in  describing  the  proc¬ 
esses. 

The  most  common  approach  to  determining  velocity  is  to  measure  distance 
travelled  over  time  using  photoelectric  barriers,  radar  or  high-speed  cameras.  A 
first  differentiation  gives  speed  over  time,  a  second  gives  deceleration.  In  order  to 
determine  speed  over  time  to  a  reasonable  degree  of  accuracy,  the  measuring 
points  need  to  be  as  close  together  as  possible.  A  high  sampling  rate  is  therefore 
required. 

High-speed  video  cameras  operate  at  speeds  of  tens  of  thousands  of  frames  per  second,  as  long  as 
there  is  sufficient  light.  Special  cameras  designed  for  very  fast  processes  can  record  over  100  mil¬ 
lion  frames  per  second,  with  up  to  16  images  being  available  for  each  process.  It  is  possible  to 
choose  the  interval  between  these  images  as  required.  In  the  case  of  opaque  materials,  x-ray  flash 
photography  is  used.  This  generally  produces  a  maximum  of  six  images. 
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Fig.  2-6.  Effect  of  measurement  error  on 
velocity  and  acceleration.  The  "correct”  lines 
are  shown  in  grey.  See  text  for  details. 


Regardless  of  the  method  used,  the 
double  numerical  differentiation  re¬ 
quired  to  calculate  deceleration  from 
time/distance  measurements  means 
that  measurements  must  be  extremely 
accurate.  Even  small  errors  in  meas¬ 
uring  distance  and  time  will  produce 
errors  in  the  drag  coefficient  approxi¬ 
mately  two  orders  of  magnitude 
greater. 

Example :  An  object  undergoes  a  constant 
deceleration  of -600  m/s2.  A  statistical  error  of 
just  a  few  percent  in  the  time/distance  meas¬ 
urements  will  already  cause  visible  discrepan¬ 
cies  following  differentiation  over  time  (see 
Fig.  2-6b).  The  deceleration  graph  produced 
from  a  second  numerical  differentiation  (see 
Fig.  2-6c)  almost  completely  hides  the  fact 
that  the  object  was  undergoing  constant  decel¬ 
eration. 

Using  pairs  of  photoelectric  barriers 
and  time  measuring  devices,  it  is  pos¬ 
sible  to  determine  velocity  directly. 
Two  measuring  points  of  this  type 
make  it  possible  to  measure  the  change 
in  velocity  over  a  known  distance, 
from  which  it  is  possible  to  derive  de¬ 
celeration  by  single  differentiation 
(Kneubuehl  1982).  This  makes  it 
possible  to  obtain  a  much  higher  de¬ 
gree  of  accuracy.  Radar  devices  that 
utilize  the  Doppler  principle  can  also 
be  used  to  measure  speed  over  time. 


Doppler  principle'.  A  radar  beam  of  a  given 
frequency  striking  a  moving  body  will  be  reflected  at  a  different  frequency.  The  change  in  fre¬ 
quency  is  proportional  to  the  speed  at  which  the  body  is  moving. 

However,  neither  method  can  be  used  for  wound  ballistics  studies.  Pairs  of  photo¬ 
electric  barriers  only  allow  us  to  measure  the  entry  and  exit  speeds,  and  hence  to 
calculate  the  drop  in  speed  between  the  two  points.  They  are  not  suitable  for 
measuring  a  fast  process  that  occurs  over  a  short  distance.  Modern  radar  equip¬ 
ment  can  take  measurements  through  simulants,  which  makes  it  possible  to  cal¬ 
culate  the  impact  speed  and  residual  speed  of  a  bullet  passing  through  a  block  of 
simulant.  However,  the  sampling  rate  of  such  equipment  is  currently  still  too  low 
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Fig.  2-7.  Image  of  a  bullet  penetrating  a  block  of  soap,  made 
using  a  mirror  angled  at  45°.  Upper  picture:  plan.  Lower  picture: 
elevation.  The  angle  of  incidence  can  be  determined  from  the  two 
pictures  (see  also  Kneubuehl  2004). 


to  record  the  change  in  speed  over  distance  as  the  bullet  passes  through  the  mate¬ 
rial. 

Proper  motion  of  a  bullet  The  proper  motion  of  a  bullet  (the  movement  of  the 
axis  of  the  bullet  about  its  centre  of  gravity)  involves  more  than  one  plane.  This 
motion  can  only  be  recorded  using  a  measuring  system  that  operates  in  two 
planes. 

That  involves  taking  a  photograph  of  the  bullet  using  two  photographic  plates 
at  the  same  time,  with  the  two  plates  arranged  at  right  angles  to  each  other.  The 
photographic  technology  used  (visible  light  or  x-ray)  is  of  secondary  importance. 
From  the  pair  of  images  produced,  it  is  then  possible  to  determine  the  orientation 
of  the  bullet’s  axis.  This  procedure  is  appropriate  when  one  wishes  to  measure  the 
angle  of  incidence  of  the  bullet  at  a  particular  point  (e.g.  the  point  of  impact)  or  to 
measure  the  change  in  angle  of  incidence  along  a  section  of  the  bullet’s  trajectory. 

If  the  bullet  is  fired  parallel  to  a  mirror  angled  at  45°  to  the  camera,  it  is  possi¬ 
ble  to  record  both  the  side  elevation  and  the  plan  view  of  the  bullet  on  a  single 
image.  This  method  has  the  advantage  that  both  images  are  created  at  exactly  the 
same  instant.  See  Fig.  2-7. 

Another  technique,  which  can  only  be  used  in  the  case  of  ferrous  objects  (e.g. 
bullets  with  a  steel  core  or  a  thick  steel  jacket),  utilizes  the  fact  that  a  magnet  ro¬ 
tating  in  a  coil  generates  a  potential  difference.  The  change  in  potential  difference 
(voltage)  is  proportional  to  the  speed  of  rotation.  If  the  bullet  is  magnetized  and 
the  target  medium  (soap  or  gelatine)  placed  inside  a  large  coil,  the  rotating  bullet 
will  induce  a  voltage  in  the  coil  as  it  passes  through.  By  recording  this  voltage,  it 
is  possible  to  determine  the  change  in  speed  of  rotation  over  distance  (Kneu¬ 
buehl  1990c;  measuring  method  based  on  that  of  R.  Cattin). 

2. 1.6. 3  Physical  values 

Centre  of  gravity.  Moments  of  inertia.  Determining  the  mass  and  the  external 
dimensions  of  a  bullet  is  both  simple  and  commonplace.  Determining  the  mo¬ 
ments  of  inertia  and  the  centre  of  gravity  is  less  common,  but  is  necessary  in  the 
field  of  ballistics,  especially  when  one  is  studying  stability. 

The  moment  of  inertia  can  be  determined  empirically  using  the  principle  of  the 
physical  (rotating)  pendulum.  The  period  of  such  a  pendulum  is  directly  related  to 
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the  moment  of  inertia  of  the  oscillating  body  relative  to  the  centre  of  rotation.  If  a 
torsion  wire  is  used  to  impart  a  retarding  moment,  measurements  can  be  con¬ 
ducted  through  a  bullet’s  centre  of  gravity,  along  its  longitudinal  or  transverse 
axis.  The  moment  of  inertia  of  the  measuring  apparatus  is  measured  beforehand 
using  an  object  with  known  moments  of  inertia  (see  Kneubuehl  2004  for  further 
details). 

One  way  of  finding  the  centre  of  gravity  is  to  use  a  center  of  gravity  measure¬ 
ment  instrument.  This  involves  sliding  the  bullet  across  a  sharp  edge  until  it  is 
more  or  less  in  equilibrium.  It  is  then  held  steady  while  the  point  in  contact  with 
the  blade  is  marked. 

If  the  structure  of  the  bullet  is  not  too  complex,  it  is  also  possible  to  determine 
the  centre  of  gravity  and  moments  of  inertia  by  calculation.  This  is  the  case  for 
many  handgun  and  rifle  bullets.  The  process  consists  of  dividing  the  bullet  into 
thin  slices,  calculating  the  moment  of  inertia  for  each  slice  and  calculating  the 
sum  of  the  moments. 

Characteristics  of  materials.  It  is  worth  mentioning  just  a  few  specific  meas¬ 
urement  issues  of  relevance  to  wound  ballistics.  These  include  measuring  viscos¬ 
ity  and  the  speed  of  sound  in  dense  media  of  the  types  used  as  simulants.  Both 
parameters  have  a  significant  influence  on  shock  waves. 

Using  Eqn  2.1:2,  the  speed  of  sound  in  a  medium  is  determined  by  measuring 
the  time  a  wave  takes  to  pass  through  a  layer  of  known  thickness.  Ultrasonic 
waves  are  generally  used,  although  it  is  difficult  to  filter  out  the  main  signal. 

Measuring  the  viscosity  (and  other  mechanical  parameters)  of  a  simulant  is  im¬ 
portant  if  fluid  dynamics  modelling  is  to  be  carried  out.  Measuring  devices  (cone 
viscometers)  are  available  that  allow  standard  measurements  to  be  conducted  even 
on  very  viscous  materials. 


2.2  Ammunition  and  weapons 

2.2.1  Introduction 

To  understand  wound  ballistics,  one  needs  a  sound  knowledge  of  ammunition  in 
general  and  bullets  in  particular.  We  shall  therefore  be  looking  at  the  design  of 
contemporary  ammunition  in  some  detail  (2.2.2).  Our  focus  will  be  on  bullet  de¬ 
sign,  as  this  has  a  major  influence  on  wounding. 

Ammunition  and  weapon  are  two  halves  of  the  same  system.  Sub-section  2.2.3 
therefore  gives  an  overview  of  key  weapon  characteristics  and  common  types  of 
weapon.  This  book  is  not  the  place  for  a  detailed  description  of  individual  weap¬ 
ons,  but  exterior  ballistics  plays  a  major  role  in  wound  ballistics,  as  it  tells  us  a 
great  deal  about  the  impact  conditions.  We  shall  be  looking  at  exterior  ballistics  in 
sub-section  2.3.4. 
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2.2.2  Ammunition 

2.2.2.1  The  structure  of  a  cartridge 

Cartridge  parts  and  nomenclature.  A  cartridge  generally  consists  of  four  parts. 
We  shall  be  discussing  the  structure  and  characteristics  of  these  parts  in  the  sec¬ 
tions  below.  The  four  parts  are: 

-  bullet; 

-  propellant; 

-  case; 

-  primer. 

See  Fig.  2-8. 

There  are  two  systems  for  identifying  cartridges.  One  is  of  European  origin  and 
uses  metric  units.  The  other  originated  in  the  English-speaking  world  and  uses 
inches.  Both  systems  indicate  not  only  the  dimensions  of  the  cartridge  itself,  but 
also  the  relevant  dimensions  of  the  weapon,  such  as  those  of  the  chamber  or  the 
bore  -  the  inside  of  the  barrel.  In  many  cases,  we  can  refer  to  the  same  cartridge 
using  both  a  metric  designation  and  a  designation  in  inches. 

The  metric  designation  consists  of: 

-  calibre; 

-  (case  length); 

-  additional  indicator. 

The  calibre  and  case  length  are  in  millimetres.  The  calibre  is  often  a  nominal 
value,  corresponding  only  approximately  to  the  diameter  of  the  bore  (measured 

from  land  to  land,  see  2.2.3. 1)  or  that  of  the 
bullet. 

Examples :  9  mm  Luger 

7  mm  Rem.  Mag.  (Remington  Magnum) 
7.62  x  54  R 

The  Anglo-American  cartridge  naming  con¬ 
vention  also  includes  the  calibre  (as  a  decimal 
fraction  of  an  inch),  but  the  calibre  in  the  desig¬ 
nation  may  not  correspond  exactly  to  a  phy¬ 
sical  dimension.  The  format  is: 

calibre; 

-  additional  indicator. 

The  calibre  and  the  additional  indicator  be¬ 
tween  them  define  all  the  dimensions  of  the 
cartridge.  Older  calibres  often  include  a  second 


Fig.  2-8.  The  parts  of  a  cartridge. 
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number,  separated  from  the  first  by  a  dash  (-).  This  is  the  powder  load  in  grains  of 
black  powder,  indicating  the  approximate  power  of  the  cartridge.  In  some  cases, 
the  number  after  the  dash  had  a  different  meaning,  as  explained  in  the  examples 
below.  A  slash  (/)  followed  by  a  number  indicates  a  later  reduction  in  calibre, 
achieved  by  changing  to  a  drawn  case. 

Examples :  357  Mag.  (same  bore  diameter  as  38  Spl) 

30-30  Win.  (with  NC  propellant) 

30-06  Springfield  (in  this  instance,  the  second  number  indicates  the  year  of  introduc¬ 
tion,  1906) 

450/400  Magnum 

Annex  A. 4  contains  tables  of  the  most  common  ammunition  types,  including  the 
calibre  of  the  bore  (the  inside  diameter,  measured  land  to  land)  the  diameter  of  the 
bullet  and  the  length  of  the  case. 

There  are  often  several  cartridge  calibres  for  a  given  bore  calibre,  e.g.  there  are 
at  least  10  different  9  mm  cartridges.  It  is  therefore  important  to  use  the  exact 
calibre  designation. 

The  bullet.  The  role  of  the  bullet  is  to  transport  to  the  target  the  energy  needed  to 
achieve  a  given  effect  and  to  convert  that  energy  into  work  on  reaching  the  target. 
Almost  all  small  arms  use  kinetic  energy,  and  that  largely  determines  the  form  and 
structure  of  the  bullet.  The  bullet  must  survive  the  forces  it  undergoes  in  the  barrel 
as  it  acquires  its  energy  and  must  lose  as  little  energy  as  possible  between  muzzle 
and  target.  The  physical  processes  related  to  these  requirements  are  fairly  well 
understood,  which  limits  the  scope  for  major  differences  in  bullet  design. 

Bullets  can  be  divided  into  the  following  basic  categories: 

-  solid  bullets  (see  Fig.  2-9  a),  which  generally  consist  of  a  single  material  (lead, 
brass,  plastic,  etc.) 

-  jacketed  bullets,  which  contain  a  core,  generally  of  lead,  and  are  hence  known 
as  soft-core  bullets.  The  core  is  covered  by  a  thin  layer  of  some  other  material, 
the  jacket.  Typical  jacket  materials  include  copper  alloys  and  plated  steel.  In 
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Fig.  2-9.  Cross-sections  of  various  types  of  bullet:  a.  Solid,  b.  Full  metal-jacketed,  c.  Semi- 
jacketed.  d.  Semi-jacketed  hollow-point,  e.  Hard-core.  f.  Tracer. 
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most  cases,  the  jacket  does  not  completely  enclose  the  core,  as  this  would 
complicate  the  manufacturing  process.  However,  if  the  entire  bullet  is  en¬ 
closed,  including  the  tip  (but  often  except  the  base),  and  the  jacket  is  crimped 
shut  at  the  base  of  the  bullet,  one  speaks  of  a  full  metal-jacketed  bullet  (see 
Fig.  2-9  b).  If  the  jacket  leaves  part  of  the  tip  uncovered,  the  bullet  is  desig¬ 
nated  a  semi-jacketed  bullet  (SJ);  see  Fig.  2-9  c.  If,  in  addition,  the  tip  is  hol¬ 
lowed  out,  the  bullet  is  described  as  a  semi-jacketed  hollow-point  bullet 
(SJHP);  see  Fig.  2-9  d. 

-  Hard-core  bullets  are  special  jacketed  bullets  designed  to  penetrate  hard 
materials.  They  contain  a  core  of  very  hard  material  (such  as  hardened  steel, 
tungsten  or  a  tungsten  alloy)  (see  Fig.  2-9  e)  and  are  mainly  used  by  the  armed 
forces. 

-  Tracer  bidlets  are  solid  or  full  metal  jacketed  bullets  with  a  pyrotechnic  charge 
in  the  tail.  The  charge  burns  during  flight,  rendering  the  trajectory  of  the  bullet 
visible  (see  Fig.  2-9  f). 

There  has  been  (and  still  is)  considerable  disagreement  regarding  the  way  energy 
is  transferred  from  bullet  to  target  and  the  effect  of  bullets  on  the  body.  The  result 
is  a  wide  variety  of  bullet  types  for  hunting  and  handgun  ammunition.  In  terms  of 
their  penetration  behaviour,  we  can  divide  such  bullets  into  three  categories: 

-  Shape  stable  bullets,  which  maintain  their  shape  in  the  target.  This  type  of  bul¬ 
let  only  undergoes  minor  changes  in  form  (such  as  bulges)  and  loses  no  mass. 

-  Deforming  bullets,  which  deform  in  the  target.  This  type  of  bullet  loses  only  a 
small  percentage  of  its  mass. 

-  Fragmenting  bidlets,  which  are  designed  to  fragment  as  they  pass  through  the 
target  medium. 

Bullets  do  not  always  fall  neatly  into  one  or  other  of  the  above  categories,  as  their 
behaviour  depends  not  only  on  their  design  but  also  on  impact  velocity  and  target 
medium.  A  bullet  may  fragment  at  high  velocity,  deform  at  medium  velocity  and 
be  shape-stable  at  low  velocities,  for  instance.  The  most  important  specialized 
bullet  designs  are  described  in  2.2. 2. 2,  “Types  of  ammunition.” 

Bullets  are  also  classified  according  to  shape,  materials  and  structure.  A  num¬ 
ber  of  abbreviations  are  used  to  provide  additional  information  about  the  bullet 
and  these  form  part  of  the  cartridge  designation.  For  instance,  “FMJ  RN”  desig¬ 
nates  a  full  metal-jacketed  round-nose  bullet  and  “LHP”  a  solid  lead  hollow-point 
bullet.  Please  see  Annex  A.  5  for  a  list  of  the  most  common  bullet  designations. 

Propellant.  The  propellant  is  the  firearm’s  energy  source.  Its  task  is  to  accelerate 
the  bullet  to  a  particular  velocity.  There  are  various  ways  of  generating  the  neces¬ 
sary  force;  it  is  possible  to  use  a  spring  (as  in  a  spring  pistol),  a  rubber  cord  (as  in 
a  catapult)  or  electromagnetic  force  (as  in  a  rail  gun).  In  the  various  majority  of 
cases,  however,  the  required  force  is  obtained  by  applying  the  pressure  of  a  com- 
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pressed  gas  to  the  base  of  the  bullet.  This  pressure  can  come  from  a  number  of 
sources: 

-  mechanical  compression  (in  the  case  of  an  airgun); 

-  air  reservoir  or  gas  cartridges  (e.g.  in  the  case  of  a  CO2  weapon); 

-  combustion  in  a  confined  space. 

The  first  two  sources  produce  only  modest  levels  of  muzzle  energy.  Any  more 
powerful  weapon  has  to  use  the  third  source  of  gas  -  combustion  in  a  confined 
space.  The  substances  used  must  be  highly  flammable  and  must  release  a  large 
quantity  of  gas  during  combustion.  In  order  to  generate  sufficient  pressure,  com¬ 
bustion  must  take  place  in  a  small  space,  but  such  a  small  space  will  contain  too 
little  oxygen  for  combustion.  Combustible  propellants  must  therefore  include  a 
component  capable  of  supplying  the  oxygen  they  need  for  their  own  combustion. 

The  standard  composition  of  the  oldest  known  propellant,  black  powder,  is  as 
follows: 

75%  saltpetre  (potassium  nitrate,  KNO3); 

15%  charcoal  (carbon,  C); 

10%  sulphur  (S). 

The  saltpetre  supplies  the  oxygen,  while  the  carbon  and  the  sulphur  constitute  the 
combustible  elements. 

To  produce  black  powder,  the  raw  materials  are  ground  down,  mixed  and  formed  into  cakes  using 
a  hydraulic  press.  The  cakes  are  then  crushed  and  the  resulting  grains  are  sieved  and  sorted  by  size 
(see  Fig.  2-10).  As  we  will  see,  the  entire  surface  of  the  propellant  plays  a  decisive  role.  The  finer 
the  powder,  the  greater  its  surface  area  for  a  given  mass  and  hence  the  faster  it  will  burn.  As  fine 
grains  were  used  in  the  days  of  the  musket,  such  propellant  has  acquired  the  name  “powder.” 

When  black  powder  bums,  it  produces  the  gases  required  -  carbon  dioxide  and 
nitrogen  (CO2  and  N2)  -  but  also  potassium  sulphide.  This  is  a  solid  compound 
that  produces  visible  smoke  and  leaves  unwanted  deposits  in  the  barrel.  Its  mass  is 
equal  to  40%  of  the  mass  of  the  powder  that  produced  it,  which  explains  the  rela¬ 
tively  low  efficiency  of  black  powder. 

Black  powder  is  rarely  used  as  a  propellant  in  firearms  today,  except  in  histori¬ 
cal  or  reproduction  muzzle-loaders.  However,  it  is  still  used  as  an  explosive,  for 
pyrotechnics  (detonating  cord,  caps,  fireworks,  etc.)  and  as  a  booster  in  the  primer 
screws  and  priming  cartridges  of  heavier  weapons. 

So-called  “smokeless”  powders,  which  have  almost  completely  replaced  black 
powder  in  firearms,  are  based  on  a  mid- 19th-Century  invention;  nitrocellulose 
(guncotton,  see  12.2.5).  Nitrocellulose  is  produced  by  adding  a  nitrating  acid  (a 
mixture  of  nitric  and  sulphuric  acid)  to  cotton  linters  (short-fibered  cotton).  The 
nitrocellulose  is  gelatinized  using  solvents  and  becomes  a  homogenous,  kneadable 
mass.  This  mass  can  then  be  extruded  and  cut  into  “powder  grains”  of  the  form 
required  (see  Fig.  2-11).  The  solvent  is  then  removed  by  drying.  Nitrocellulose 
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Fig.  2-10.  Black  powder. 
Grain  Size  2,  as  used  for 
long  weapons. 


Fig.  2-11.  Nitrocellulose  powder.  Left:  Fine  flake  powder, 
as  used  in  handguns  and  shotguns.  Right:  Coarse  tubular 
powder,  as  used  in  large-calibre  long  weapons. 


(NC)  powders  are  known  as  single-base  powders,  as  they  contain  one  substance 
that  supplies  energy. 

However,  nitrocellulose  can  also  be  dissolved  in  nitro-glycerine,  a  highly  im¬ 
pact-sensitive  explosive.  When  warm,  the  resulting  mass  is  kneadable  and  can 
readily  be  formed  as  required.  Nitroglycerine  (NG)  powders  are  known  as  double¬ 
base  powders,  as  they  contain  two  substances  that  supply  energy. 

On  combustion,  smokeless  powders  are  transformed  almost  entirely  into  gas: 
carbon  dioxide  (CO2),  carbon  monoxide  (CO),  water  vapour  (H2O),  hydrogen 
(H2)  and  nitrogen  (N2).  These  powders  produce  approximately  three  times  as 
much  gas  as  the  same  mass  of  black  powder,  making  it  possible  to  obtain  higher 
pressures  -  and  hence  greater  accelerating  forces  -  with  less  powder. 

The  parameters  that  can  be  used  to  describe  a  powder  include  the  following: 

-  explosion  heat  Qex:  the  quantity  of  heat  released  by  the  rapid  (explosive) 
combustion  of  1  kg  of  a  powder; 

-  specific  gas  volume:  the  quantity  of  gas  produced  by  the  combustion  of  1  kg 
of  a  powder; 

-  explosion  temperature:  the  temperature  at  which  the  powder  burns  in  a 
space  of  fixed  volume; 

-  auto-ignition  temperature:  the  temperature  at  which  the  powder  will  ignite 
spontaneously. 

Table  2-9  lists  the  data  for  the  three  most  important  types  of  powder. 

Primer.  In  order  to  ignite  the  propellant  as  evenly  as  possible,  and  to  ensure  that 
all  of  the  propellant  ignites  at  the  same  time,  a  cartridge  requires  a  primer.  A 
primer  contains  a  small  quantity  of  an  impact-  and  friction-sensitive  high  explo¬ 
sive  (not  propellant).  This  explosive  must  generate  both  sufficient  heat  and  a  suf¬ 
ficiently  powerful  flame.  Originally,  a  mixture  of  mercury  fulminate  and  potas¬ 
sium  nitrate  was  used,  but  this  led  to  severe  corrosion  of  the  barrel.  Around  1920, 
the  S1NOXID  primer  was  invented,  which  used  lead  styphnate  and  barium  nitrate 
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Table  2-9.  Powder  data 


Type  of  powder 

Black  powder 

NC 

NG 

Explosion  heat 

[J/g] 

2650 

3500 

4800 

Specific  gas  volume 

[ml/ g] 

280 

900-970 

800-860 

Explosion  temperature 

[°C] 

approx.  2400 

2500-3000 

3000-3800 

Auto-ignition  temperature 

[°C] 

300 

170 

160 

Solid  residues 

[%] 

40 

approx.  1 

approx.  1 

instead  of  mercury  nitrate  and  potassium  nitrate.  However,  SINOXID  primers  had 
a  high  lead  content,  and  have  now  been  replaced  by  lead-free  primers  such  as  the 
S1NTOX  primers  produced  by  RUAG  (formerly  Dynamit  Nobel  AG).  These  pri¬ 
mers  use  diazole  instead  of  lead  styphnate. 

Leaving  aside  proprietary  designs,  there  are  three  primer  systems.  In  a  rimfire 
cartridge,  the  primer  is  incorporated  into  a  bead  that  forms  a  rim  around  the  cir¬ 
cumference  of  the  case  head  (see  Fig.  2-12  a).  The  primer  is  fired  by  striking  the 
rim,  hence  the  name.  Today,  virtually  the  only  rimfire  cartridges  are  the  Flobert, 
the  22  calibres  and  the  5  mm  Rem.  Mag.  In  order  to  achieve  the  required  degree 
of  impact  sensitivity,  the  case  must  be  fairly  thin  at  the  rim,  so  rimfire  cartridges 
are  only  suitable  for  low  gas  pressures. 

The  other  two  primer  designs  involve  pressing  the  primer  into  a  depression  (the 
primer  cup)  in  the  centre  of  the  case  head.  Both  Boxer  and  Berdan  cartridges  are 
hence  termed  “centrefire”  cartridges.  When  the  firing  pin  strikes  the  base  of  the 
primer,  it  forces  it  up  against  the  anvil.  The  resulting  impact  and  friction  energy 
detonate  the  primer.  The  principal  difference  between  the  two  types  of  centrefire 
primer  lies  in  the  position  of  the  anvil.  In  the  case  of  a  Boxer  primer,  the  anvil  is 
built  into  the  detonator  cap  (see  Fig.  2-12  b).  The  primer  thus  forms  a  single  unit, 
which  simply  has  to  be  inserted  into  the  primer  cup  in  the  head  of  the  case.  The 
powder  is  ignited  via  a  central  flash  hole.  In  the  case  of  the  Berdan  primer  (see 
Fig.  2-12  c),  the  anvil  is  part  of  the  case,  rendering  a  central  flash  hole  impossible. 
The  Berdan  primer  therefore  uses  two  or  more  flash  holes  arranged  radially. 


Fig.  2-12.  Types  of  primer:  a.  Rimfire,  b.  Boxer,  c.  Berdan. 
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Case.  The  introduction  of  breech-loading  weapons  posed  a  number  of  problems, 
and  these  were  only  resolved  by  the  invention  of  the  cartridge  case.  The  case  ful¬ 
fils  a  number  of  important  functions  during  the  firing  process. 

As  the  propellant  bums,  high  pressures  are  created  in  the  weapon  -  it  is  this 
pressure  that  accelerates  the  bullet.  It  is  therefore  necessary  to  seal  the  space  in 
which  combustion  takes  place.  This  function  is  performed  by  the  case,  as  the  pres¬ 
sure  causes  the  cartridge  to  expand  and  become  a  tight  fit  against  the  inside  of  the 
chamber.  The  tight  seal  also  protects  the  firing  mechanism  against  the  corrosive 
effect  of  the  hot  gases. 

Deflagration  of  the  powder  also  generates  large  quantities  of  heat,  raising  the 
temperature  of  the  weapon  and  especially  that  of  the  barrel.  When  the  case  is 
ejected  after  firing,  a  large  quantity  of  heat  goes  with  it,  slowing  down  the  rate  at 
which  the  temperature  of  the  weapon  rises.  In  addition  to  sealing  the  chamber  and 
dissipating  heat,  the  case  fulfils  the  following  functions: 

-  it  acts  as  a  means  of  transporting  the  propellant  and  primer; 

-  it  holds  the  bullet  and  primer,  and  positions  them  in  the  weapon; 

-  it  provides  the  bullet  with  initial  resistance  against  the  pressure  of  the  ex¬ 
panding  gases,  which  plays  an  important  role  in  ensuring  that  the  propellant 
burns  evenly; 

-  it  centres  the  bullet  and  guides  it  as  it  starts  to  accelerate. 

In  order  to  maximize  the  volume  of  propellant  available,  the  diameter  of  the  case 
body  is  often  greater  than  that  of  the  bullet.  The  point  at  which  the  case  diameter 
is  brought  down  to  the  diameter  of  the  bullet  is  called  the  shoulder.  The  case  must 
be  seated  securely  in  the  weapon  to  ensure  that  the  bullet  and  primer  are  always  in 
the  correct  position.  The  various  ways  of  seating  the  case  in  the  chamber  and  the 
different  pressures  used  have  resulted  in  a  variety  of  case  designs. 

The  rimmed  case  is  an  immediate  descendant  of  the  rimfire  cartridge.  Its  head 
extends  beyond  the  maximum  diameter  of  the  body  and  sits  against  the  rear 
opening  of  the  chamber.  In  the  case  of  European  cartridges,  this  type  of  case  is 
often  identified  by  the  letter  R  (rim),  e.g.  9.3  x  74  R. 

There  are  rimmed  cases  with  a  shoulder  and  there  are  those  without.  Most  re¬ 
volver  cartridges,  for  instance,  have  a  rim  but  no  shoulder  (see  Fig.  2-13  a).  The 
French  8  mm  Lebel  is  a  typical  rimmed  cartridge  with  shoulder  (see  Fig.  2-13  b) 
and  is  probably  one  of  the  oldest  cartridges  using  a  metallic  case  and  NC  powder. 
The  Russian  7.62  *  54  R  is  another  example. 

The  junction  between  the  head  and  the  body  is  one  of  the  weak  points  of  a  car¬ 
tridge  case.  Cartridges  for  particularly  high  pressures  are  therefore  reinforced  by  a 
bead  at  this  point,  which  also  constitutes  the  contact  surface  between  the  cartridge 
and  the  rear  of  the  chamber.  Cases  of  this  design  are  said  to  be  “belted”  and  are 
designed  for  high  muzzle  energies.  Belted  cases  are  most  often  used  for  high- 
powered  hunting  ammunition  (see  Fig.  2-13  c). 
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Fig.  2-13.  Cartridges  with  . . . 

a.  Rimmed,  no  shoulder, 

b.  Rimmed  and  shoulder, 

c.  Belted  rimless  and  shoulder, 

d.  Rimless,  no  shoulder, 

e.  Shoulder,  no  rim. 


a  b  c  d  e 


Rimless  cartridges  are  the  most  common  type.  The  case  head  does  not  project 
beyond  the  body.  They  are  easier  to  insert  into  a  magazine,  which  accounts  for 
their  widespread  use.  When  chambered,  this  type  of  cartridge  is  seated  against  its 
shoulder  (in  the  case  of  a  shouldered  case)  or  otherwise  against  its  mouth.  Rimless 
cases  are  used  mainly  for  military  and  pistol  ammunition  (see  Fig.  2-13  d,  e). 


2. 2. 2. 2  Types  of  ammunition 

General.  We  can  make  a  basic  distinction  between  two  types  of  ammunition: 
ammunition  for  handguns  (pistols  and  revolvers)  and  ammunition  for  long  weap¬ 
ons  (rifles  and  shotguns).  The  calibre  standards  of  the  C.I.P.  ( Commission  Inter¬ 
nationale  Permanente  pour  l  ’Epreuve  des  Armes  a  Feu  portatives.  Permanent  In¬ 
ternational  Commission  for  the  Proof  of  Small-arms)  in  Brussels  list  some  90 
handgun  calibres  and  over  300  for  long  weapons.  This  total  does  not  include  the 
additional  calibres  listed  by  the  US  standardization  body  SAAMI  (Sporting  Arms 
and  Ammunition  Manufacturer’s  Institute).  As  each  cartridge  case  can  be  com¬ 
bined  with  a  number  of  different  bullets,  the  number  of  ammunition  types  is  very 
large.  To  provide  an  overview,  we  shall  look  at  each  ammunition  type  separately 
for  each  category  of  weapon,  as  it  is  the  weapon  that  has  the  greatest  influence  on 
the  characteristics  of  the  ammunition. 

Pistol  ammunition.  With  a  few  exceptions,  pistol  cartridges  are  of  the  rimless 
design,  with  no  shoulder,  and  are  slightly  conical  in  shape.  These  features  sim¬ 
plify  the  design  of  the  feed  mechanism  and  magazine  of  semi-automatic  pistols 
and  submachine  guns.  Muzzle  energy  and  moment  must  be  kept  low,  both  to  al¬ 
low  a  pistol  is  to  be  fired  one-handed  and  because  pistols  and  submachine  guns 
are  comparatively  light.  As  a  result,  a  small  quantity  of  propellant  is  sufficient. 
This  in  turn  means  that  the  volume  of  the  case  can  be  kept  small  and  the  cartridge 
short.  Fig.  2-14  shows  a  number  of  typical  pistol  cartridges  from  across  the  calibre 
spectrum  (5  mm  to  13  mm). 
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Fig.  2-14.  Pistol  ammunition: 

a.  5.45  x  19, 

b.  6.35  Browning, 

c.  7.63  Mauser, 

d.  9  mm  Luger  (previously 
known  as  Parabellum), 

e.  45  Auto, 

f.  50  AE  (Action  Express)  with 
semi-jacketed  bullet. 


Pistol  ammunition  generally  uses  full  metal-jacketed  round-nose  bullets,  as 
these  chamber  smoothly  (see  Fig.  2-14  b-e).  There  is  little  justification  for  using 
pointed  bullets,  given  the  low  muzzle  velocities  and  short  ranges  involved. 

The  relatively  low  energy  levels  limit  the  effectiveness  of  handguns  and  many 
attempts  have  been  made  to  compensate  for  this  through  bullet  design.  As  a  result, 
many  types  of  bullet  exist;  there  are  over  60  types  of  bullet  for  9  mm  Luger  am¬ 
munition,  for  example. 

There  are  two  principal  approaches  to  the  issue.  One  is  to  use  deforming  solid 
and  full  metal-jacketed  hollow-point  bullets,  which  deform  well  in  a  soft  medium. 
Examples  include  the  MEN  QD  P.E.P.  bullet  and  the  RUAG  Action  4  (see  Fig. 
2-15  a),  the  Federal  Hydra-Shok  (which  has  a  lead  spike,  known  as  a  “centre 
post,”  inside  the  hollow  tip,  see  Fig  2-15  b)  and  Remington's  Golden  Saber  (see 
Fig.  2-16  a). 

The  other  approach  aims  to  maximize  effectiveness  against  body  armour  and 
hard  materials  (such  as  steel  and  aluminium  panels)  using  extremely  light  brass, 
copper  or  steel  bullets  and  high  muzzle  velocities  (up  to  600  m/s).  These  include 
the  French  THV  (Tres  Flaute  Vitesse,  very  high  speed)  (see  Fig.  2-15  c)  and  Ar¬ 
cane;  the  American  KTW  (see  Fig.  2-16  b)  and  the  British  sabot-guided  Alpha. 


a  b  c  d 
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Fig.  2-15.  9  mm  Luger  pistol  cartridges  and  bullets:  a.  RUAG  Action  4,  b.  Federal  Hydra-Shok  , 

c.  SFM  THV,  d.  Triplex  (three  separate  bullets)  Bottom  row:  cross-sections. 
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Fig.  2-16.  45  Auto  bullets: 

a.  Golden  Saber  (SJHP), 

b.  KTW  (brass,  teflon-coated). 

Both  bullets  are  available  in  other  calibres 
(e.g.  9  mm  Luger). 


The  many  proprietary  designs  include  tracer,  plastic  bullets  that  release  a  shot 
payload  on  impact  (the  Glaser  Safety  Slug,  see  4. 2. 2. 3),  fragmenting  projectiles, 
three-part  bullets  (Triplex,  see  Fig.  2-15  d)  and  exploding  bullets,  which  incorpo¬ 
rate  a  small  explosive  charge. 

In  addition  to  ammunition  designed  for  maximum  effectiveness,  manufacturers 
also  produce  training  ammunition.  Examples  include  the  DNAG  PT  (plastic 
training)  cartridge.  The  bullet  has  a  muzzle  velocity  of  approx.  950  m/s  but  slows 
to  approx.  250  m/s  after  just  20  m.  Short-range  ammunition  also  exists,  with  bal¬ 
listic  characteristics  similar  to  those  of  full  metal-jacket  bullets  at  expected  en¬ 
gagement  ranges  (out  to  50  m)  but  a  significantly  shorter  maximum  range. 

Because  of  the  materials  used  (compressed  metallic  powder  and  plastic),  these 
bullets  fragment  on  hitting  hard  surfaces,  even  at  an  angle,  thus  preventing  rico¬ 
chets.  These  bullets  are  therefore  known  as  frangible  bullets  and  are  used  for 
training. 

However,  the  most  widely-used  pistol  cartridge  is  probably  the  22  L.R.  (Long 
Rifle),  known  in  the  German-speaking  world  as  5.6  lfB  (king  fur  Biichsen,  "long 
for  rifles”)-  This  is  a  rimfire  cartridge,  originally  developed  on  the  basis  of  the 
22  Long  for  use  in  small  bore  rifles.  The  cartridge  was  later  adopted  by  pistol 
shooters,  and  is  in  widespread  use  for  target  shooting.  It  is  also  used  in  many  other 
pistols,  revolvers  and  rifles.  Two  types  of  bullet  are  available.  Competition  shoot¬ 
ers  use  lead  round-nose  bullets  (LRN,  see  Fig.  2-17  a),  while  hollow  soft-point 
bullets  are  available  for  varminting  (LHP,  see  Fig.  2-17  b).  There  are  other  car¬ 
tridge  standards  for  this  calibre,  such  as  22  extra  long  (see  Fig.  2-17  c)  22  extra 
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Fig.  2-17.  Small-calibre  cartridges: 

a.  22  L.R.  with  lead  round-nose  bullet  (LRN), 

b.  22  L.R.  with  lead  hollow-point  bullet  (LHP), 

c.  22  extra  long,  with  longer  case, 

d.  22  Winchester  Magnum  with  copper-plated 
lead  hollow-point  bullet. 
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Fig.  2-18.  Revolver  cartridges: 

a.  32  S  &  W  Long,  Wadcutter  (WC), 

b.  38  Special  LRN, 

c.  44  Rem.  Mag.  SJHP. 


L.R.  and  22  Winchester  Magnum  (see  Fig.  2-17  d).  The  last  of  these  delivers  al¬ 
most  as  much  energy  as  a  9  mm  Luger  bullet. 

Revolver  ammunition.  Revolver  cartridges  differ  from  pistol  cartridges  in  a 
number  of  basic  respects.  Almost  all  revolver  cartridges  are  rimmed,  and  cases  are 
significantly  longer  than  those  of  pistol  cartridges  (see  Fig.  2-18).  Rimmed  cases 
sit  much  better  in  the  cylinder  and  are  easier  to  extract  after  firing. 

The  longer  case  has  a  historical  background.  Unlike  semi-automatic  pistols,  re¬ 
volvers  were  introduced  when  black  powder  was  still  the  usual  propellant,  and 
black  powder  cartridges  require  approximately  three  times  as  much  propellant  as 
those  loaded  with  NC  powder.  In  addition,  gas  escapes  through  the  gap  between 
the  cylinder  and  the  barrel,  and  this  loss  must  be  compensated  by  additional  pow¬ 
der.  A  fairly  large  load  volume  was  therefore  required,  which  meant  that  the  case 
had  to  be  relatively  long. 

It  was  not  possible  to  modify  existing  weapons  when  smokeless  powder  was 
introduced,  so  the  long  cases  remained,  and  today  they  are  only  partly  filled  with 
propellant.  This  makes  it  possible  to  produce  cartridges  with  the  bullet  positioned 
right  inside  the  case  (such  as  the  38  Spl  Wadcutter  (WC)  and  the  32  S  &  W  Long 
WC,  see  Fig.  2-18  a).  The  large  case  can  tempt  inexperienced  reloaders  to  use  ex¬ 
cessive  loads,  and  this  has  often  led  to  weapons  being  destroyed  and  to  accidents. 

Revolver  bullets  differ  from  those  used  in  pistol  ammunition,  in  that  while 
pistols  generally  use  fully-jacketed  or  (more  recently)  solid  bullets,  most  revolvers 
fire  semi-jacketed  or  solid  lead  bullets.  Here  again,  there  is  a  historical  reason. 
The  gas  pressure  and  acceleration  in  a  revolver  were  not  so  high  as  to  make  jack¬ 
eted  bullets  essential,  and  it  was  easier  for  the  bullet  to  exit  the  cylinder  and  enter 
the  barrel  if  it  was  either  solid  lead  or  soft-tipped.  The  problem  of  lead  deposition 
in  the  bore  was  overcome  by  greasing  the  bullet  -  the  cylindrical  part  of  a  solid 
lead  bullet  incorporates  one  or  more  grease  grooves.  In  addition  to  solid  lead  bul¬ 
lets,  almost  exactly  the  same  bullet  types  are  available  for  revolvers  as  for  pistols 
(Fig.  2-19  a,  c-e). 

Ammunition  for  military  rifles.  Almost  all  contemporary  military  small  arms 
are  designed  for  automatic  or  semi-automatic  fire.  The  ammunition  used  must 
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Fig.  2-19.  Revolver  cartridges  and  bullets:  a.  38  Spl  SJHP  b.  38  Spl  Metal  Piercing  c.  38  Spl 
Winchester  Hydra-Shok  d.  357  Magnum,  Remington  Golden  Saber  e.  44  Rem.  Mag.  SJFP 


therefore  meet  a  number  of  requirements.  Cartridges  fed  automatically  are  sub¬ 
jected  to  significantly  higher  forces  than  those  fed  by  manually  operating  a  bolt  or 
similar  device.  The  inertia  of  the  bullet  must  not  cause  it  to  slide  into  the  case 
during  loading,  and  nor  must  it  fall  out  of  the  case.  The  bullet  must  therefore  be 
fixed  to  the  case,  which  is  generally  achieved  by  crimping  the  mouth  of  the  case 
into  a  groove  in  the  bullet,  known  as  a  cannelure.  To  comply  with  international 
treaties,  military  bullets  are  generally  of  the  fully-jacketed  type  and  because  of  the 
comparatively  long  ranges  at  which  they  are  used  they  are  generally  aerodynamic 
in  form,  i.e.  pointed.  See  Figs  2-20  and  2-21. 

When  firing  on  fully  automatic,  the  barrel  of  a  rifle  rapidly  attains  temperatures 
of  well  over  100°C.  Despite  this,  the  weapon  is  expected  to  fire  many  thousands 
of  rounds.  As  a  result,  military  ammunition  is  not  designed  to  produce  the  maxi¬ 
mum  power  possible  at  a  given  calibre.  This  minimizes  the  risk  of  a  cartridge 
“cooking  off’  in  the  barrel  (firing  spontaneously)  when  the  weapon  is  running  hot. 

Since  World  War  Two,  four  calibres  have  dominated  the  field  of  military  am¬ 
munition.  Eastern  armed  forces  adopted  the  short  7.62  x  39  (Kalashnikov)  (see 
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Fig.  2-20.  Military  cartridges 
and  bullets  (eastern): 

a.  5.45  x  39  (Kalashnikov), 

b.  7.62  x  39  (Kalashnikov), 

c.  7.62  x  54  R  (Dragunov)  with 
steel-core  bullet  (yellow  tip). 
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Fig.  2-21.  Military  cartridges  and  bullets  (western): 

a.  5.56  mm  NATO  (5.56  x  45,  also  designated  223 
Remington),  SS  109  bullet, 

b.  7.62  mm  NATO  (7.62  x  51,  also  designated  308 
Winchester). 


a  b 

Fig.  2-20  b),  which  was  joined  in  the  mid-1970s  by  the  smaller  5.45  x  39  (Kalash¬ 
nikov)  (see  Fig.  2-20  a).  The  7.62  x  54  R  (see  Fig.  2-20  c)  is  widely  used  in  ma¬ 
chine  guns  and  sniper  rifles.  After  the  Second  World  War,  Western  forces  initially 
used  the  commercial  308  Win.  calibre,  designated  7.62  mm  NATO  (see  Fig.  2-21  b). 
In  the  mid-1960s,  the  United  States  introduced  a  new,  smaller  calibre:  the  223  Rem. 
(5.56  x  45)  and  some  15  years  later  this  calibre  became  the  NATO  standard,  albeit 
with  a  special  bullet  and  shorter  twist  length.  See  Fig.  2-21  a.  Ballistic  data  for  the 
various  military  calibres  are  in  Annex  A. 4. 

In  addition  to  the  normal  full  metal-jacketed  lead-core  bullet,  armed  forces  use 
a  number  of  special  bullets.  Tracer  bullets  include  a  pyrotechnic  charge  in  the  tail 
(see  Fig.  2-9  b).  The  charge  burns  for  a  certain  time  during  flight  (generally  up  to 
1.5  s,  depending  on  calibre),  showing  both  the  trajectory  of  the  bullet  and  the 
point  of  impact.  To  enhance  penetration  of  hard  materials  (steel,  ceramics,  etc.), 
the  lead  core  can  be  partly  or  completely  replaced  by  a  core  of  hardened  steel  (see 
Fig.  2-9  e).  The  result  is  known  as  a  steel-core  or  hard-core  bullet,  the  nomencla¬ 
ture  varying  from  one  country  to  another.  Newer  types  of  bullet  use  tungsten  or 
tungsten-alloy  cores.  These  include  the  Nammo  AP-8  Armour  Piercing  bullet 
(Sweden)  and  the  RUAG  Ammotec  Styx  (Switzerland),  both  of  which  are  avail¬ 
able  in  a  number  of  calibres. 

Opportunities  for  live  firing  during  training  are  steadily  dwindling  and  short- 
range  bullets  have  been  developed  in  response.  These  bullets  follow  approxi¬ 
mately  the  same  trajectory  over  short  ranges  (50-100  m)  as  normal  bullets,  but 
have  a  much  shorter  maximum  range,  making  it  possible  to  reduce  danger  zones 
considerably.  This  type  of  ammunition  generally  uses  very  light  plastic  bullets, 
which  are  fired  at  very  high  muzzle  velocities  and  therefore  undergo  rapid  decel¬ 
eration. 

There  is  a  trend  towards  using  larger  calibres  in  sniper  rifles  in  order  to  achieve 
longer  ranges  and  greater  effect,  with  a  number  of  armies  introducing  338  Lapua 
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Fig.  2-22.  Sizes  of  military  cartridges: 

a.  5.56  mm  NATO  (5.56  *  45,  223  Rem.), 

b.  7.62  mm  NATO  (7.62  x  5 1,  308  Win.), 

c.  338  Lapua  Magnum  (8.4  x  69), 

d.  50  Browning  (12.7  x  99)  with  solid  brass 
A-Max  bullet. 

The  second  number  of  the  metric 
designation  is  the  case  length  in  mm. 


Magnum  (8.4  x  69)  and  50  Browning  (12.7  x  99)  sniper  rifles.  Fig.  2-22  shows 
the  corresponding  cartridges  in  comparison  with  standard  military  ammunition. 

Hunting  ammunition.  Unlike  military  ammunition,  hunting  ammunition  is  de¬ 
signed  for  single-shot  shooting.  There  is  no  risk  of  barrel  temperatures  rising  sig¬ 
nificantly  during  hunting,  so  there  is  no  danger  of  a  cartridge  cooking  off.  Fur¬ 
thermore,  hunting  rifles  are  not  expected  to  fire  thousands  of  rounds.  As  a  result, 
hunting  cartridges  can  produce  higher  muzzle  energies.  This  is  apparent  when  one 
sees  the  relatively  large  cases  (compare  the  hunting  cartridges  in  Fig.  2-23  a,  in 
military  308  Win.  calibre,  with  the  7  x  64  und  7  mm  Rem.  Mag.  hunting  car¬ 
tridges  in  Fig.  2-23  b-d).  Depending  on  range  and  purpose,  the  aim  is  either  to 
achieve  very  high  muzzle  velocities  (up  to  1150  m/s)  using  light  bullets  or  else  to 
achieve  good  penetration  at  long  range  (in  the  case  of  big  game).  Ballistic  data  for 
the  common  hunting  calibres  are  given  in  Annex  A. 4. 

These  bullets  are  required  to  be  highly  effective  when  they  hit  the  animal,  so  a 
wide  range  of  bullets  is  produced.  In  addition  to  the  conventional  semi -jacketed 
and  hollow-tip  bullets,  examples  include  the  RUAG  Ammotec  partition  bullet 
(Germany,  formerly  DNAG)  (see  Figs.  2-23  d  and  2-24  e)  and  the  Brenneke  Tor¬ 
pedo  (see  Fig.  2-24  g,  Torpedo-Universal,  TUG).  The  newer  designs  are  not  in 
fact  jacketed  bullets;  they  consist  of  an  H-shaped  body  made  of  copper  or  a  cop¬ 
per  alloy,  which  divides  the  bullet  into  two  parts.  Depending  on  the  design,  either 
both  parts  are  filled  with  lead  (Winchester  Partition  Gold,  Fig.  2-24  f),  or  just  the 
front  part  (Hirtenberger  ABC  and  Nammo  Forex,  Figs  2-24  b  and  c)  or  just  the 
rear  part  (Winchester  Fail-Safe,  Fig.  2-24  d).  The  principle  is  the  same  as  that  of  a 
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Fig.  2-23.  Hunting 
cartridges  and 
bullets: 

a.  308  Win.  with 
Brenneke  TAG, 

b.  7  x  64  with 
Hirtenberger 
ABC, 

c.  7  mm  Rem.  Mag. 
with  RWS 
conical  spitzer 
bullet, 

d.  7  x  64  with  RWS 
partition  bullet. 

Same  scale  as 
Figs.  2-20  and  2-21. 


conventional  hunting  bullet;  the  front  part  provides  the  deformation,  while  the  rear 
section  ensures  that  the  bullet  retains  sufficient  residual  mass  and  passes  through 
the  animal. 

Many  new  bullets  use  no  lead  at  all,  for  environmental  reasons.  These  bullets 
generally  consist  of  pure  copper  or  copper  alloy  (MEN  bevel  bullet,  Brenneke 
TAG,  Fig.  2-24  a,  Barnes  Triple-Shock  or  the  non-deforming  Impala). 

Shotgun  ammunition.  A  shotgun  generally  has  a  smooth  bore.  It  is  therefore  un¬ 
able  to  impart  spin  to  a  projectile.  As  a  result,  shotgun  projectiles  have  to  be  capa¬ 
ble  of  stable  flight  without  spin.  The  most  common  form  of  shotgun  cartridge 
contains  balls  made  of  hardened  lead  (lead  with  antimony  or  arsenic  added)  or 
soft  iron.  The  number  of  balls  ranges  from  single  figures  to  several  hundred,  de¬ 
pending  on  their  diameter  (see  Fig.  2-25  a).  On  leaving  the  muzzle,  the  shot  sheaf 
expands  and  lengthens.  This  can  be  controlled  by  incorporating  a  choke  into  the 
muzzle  design.  The  purpose  is  to  increase  the  chances  of  a  hit,  with  the  character¬ 
istics  of  the  choke  reflecting  the  nature  of  the  target. 


Fig.  2-24.  Types  of  hunting  bullet:  a.  Brenneke  TAG  (Turbo-Alternativ-Geschoss,  see  also 
Fig.  2-23  a),  b.  Hirtenberger  ABC  (see  also  Fig.  2-23  b)  c.  Nammo  Forex,  d.  Winchester  Fail  Safe, 
e.  RUAG  (RWS)  partition  bullet  (see  also  Fig.  2-23  d),  f.  Winchester  Partition  Gold,  g.  Brenneke 
TUG  (Turbo-Universal-Geschoss);  Geschoss  =  bullet. 
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Fig.  2-25.  Shotgun  cartridges: 

a.  Shotgun  cartridges  and  shot  in 
plastic  cup, 

b.  Shotgun  cartridge  with  Brenneke 
slug  (older  type  with  felt  wad,  see 
also  Fig.  2-26  b). 


Older  shotgun  cartridges  used  a  felt  wad  between  the  shot  and  the  powder,  both 
to  prevent  gas  passing  between  the  pellets  and  to  ensure  that  the  entire  load  accel¬ 
erated  homogenously.  Newer  designs  include  a  plastic  cup  (see  Fig.  2-25  a), 
which  also  prevents  the  outer  pellets  from  rubbing  against  the  barrel.  Please  see 
Annex  A. 9  for  typical  pellet  dimensions  and  the  primary  roles  of  each. 

The  slug  was  developed  in  order  to  obtain  the  advantages  of  a  single,  heavy 
projectile  when  using  a  shotgun.  Slugs  are  usually  made  of  copper  alloys  or  lead 
alloys  and  weigh  between  20  g  and  32  g,  depending  on  calibre.  A  number  of  de¬ 
signs  have  emerged  in  recent  years  (see  Fig.  2-26).  In  Europe,  the  best-known 
slug  is  produced  by  Brenneke  (see  Fig.  2-25  b). 

The  diagonal  ribs  on  the  Brenneke  slug  are  not  intended  to  impart  spin  to  the  projectile  but  act  as  a 
deformation  zone  when  using  a  choked  barrel.  The  diagonal  arrangement  of  the  ribs  allows  them 
to  be  crushed  more  easily. 

No  manufacturer  has  found  a  fully  satisfactory  way  of  stabilizing  these  projectiles 
in  the  absence  of  spin,  and  their  effective  range  is  similar  to  that  of  a  shot  sheaf. 
The  newest  slugs  allow  a  good  degree  of  accuracy  out  to  100  m,  but  these  slugs 
(such  as  the  Brenneke  Super  Sabot,  Fig.  2-26),  do  require  a  slight  degree  of  spin. 
As  a  result,  shotguns  with  rifled  barrels  are  now  available. 


Fig.  2-26.  Shotgun  slugs:  a.  Brenneke  FLG  with  plastic  sabot,  20  bore,  b.  Same  as  a.,  12  bore, 
c.  Balle  Blondeau  slug,  d.  Winchester  Foster,  e.  Brenneke  Super  Sabot,  f.  Remington  Copper  Solid, 
g.  Sauvestre  Balle  Fleche  (sub-calibre)  Slugs  e,  f  and  g  are  fired  using  a  sabot  that  separates  from 
the  slug  on  leaving  the  barrel. 
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In  principle,  a  shotgun  with  a  rifled  barrel  is  a  contradiction  in  terms,  as  the  term  “shotgun”  im¬ 
plies  a  smooth  bore.  Strictly  speaking,  a  shotgun  with  a  rifled  barrel  is  a  rifle,  of  which  the  calibre, 
maximum  gas  pressure  and  chamber  correspond  to  that  of  a  shotgun. 

The  use  of  shotguns  in  military  roles  has  led  to  the  development  of  special  types 
of  ammunition,  although  these  are  not  yet  in  widespread  use.  Here  again,  fin-sta¬ 
bilized  projectiles  (flechettes)  are  used,  and  the  smooth  barrel  of  a  shotgun  is  ide¬ 
ally  suitable  for  this  type  of  projectile.  Projectiles  are  also  under  development  that 
comprise  seven  flechettes  held  together  by  a  sabot,  and  designs  incorporating  a 
single  flechette  would  also  be  possible. 

Another,  typically  military  projectile  proposed  for  shotguns  is  based  on  the 
principle  of  the  hollow  charge. 

A  hollow  charge  consists  of  explosive  with  a  conical  hollow  in  the  tip.  This  is  covered  with  a  layer 
of  tough  metal  (generally  copper).  On  detonation,  the  copper  becomes  a  very  long,  thin  projectile, 
moving  at  high  speed. 

These  projectiles  are  designed  to  penetrate  hard  materials,  and  are  perfectly  capa¬ 
ble  of  penetrating  60  mm  of  high-tensile  steel. 

Because  they  use  cardboard  or  plastic  cartridge  cases,  shotguns  are  only  de¬ 
signed  for  relatively  low  gas  pressures  (650  bar  to  1050  bar).  As  a  result,  one  can¬ 
not  expect  to  achieve  high  muzzle  velocities.  Furthermore,  shot  and  slugs  deceler¬ 
ate  rapidly  on  leaving  the  barrel,  causing  shot  to  spread  and  slugs  to  deviate  from 
the  point  of  aim.  The  maximum  practical  range  of  a  shotgun  is  therefore  limited  - 
approx.  30  m  to  50  m. 

The  practical  range  of  military  shotgun  ammunition  is  greater  than  that  of 
hunting  ammunition.  There  are  two  reasons  for  this.  First,  the  weapons  are 
proofed  for  higher  gas  pressures  (the  cartridge  cases  are  made  entirely  out  of 
brass),  and  can  therefore  achieve  higher  muzzle  energies.  Second,  the  design  of 
the  projectiles  enables  them  to  achieve  stable  flight,  and  hence  to  retain  a  higher 
percentage  of  their  initial  energy.  An  effective  range  of  150  m  is  possible,  the 
limit  being  set  primarily  by  spread. 

Sub-calibre  ammunition  and  flechettes.  Flatter  trajectories  and  shorter  flight 
times  demand  higher  muzzle  velocities,  and  lighter  projectiles  offer  a  simple  way 
of  achieving  these  aims.  The  disadvantages  -  in  exterior  ballistics  terms  -  of  using 
a  lighter  bullet  can  be  mitigated  by  reducing  the  cross-sectional  area,  resulting  in  a 
bullet  with  a  diameter  smaller  than  that  of  the  bore.  The  bullet  is  mounted  in  a 
sabot,  which  is  also  responsible  for  providing  spin  (see  Fig.  2-27),  and  the  process 
of  separating  the  bullet  from  the  sabot  after  they  leave  the  barrel  has  a  decisive 
effect  on  spread. 

It  is  possible  to  further  increase  the  ratio  of  mass  to  cross-sectional  area  by  us¬ 
ing  fin-stabilized  flechettes.  These  too  must  be  guided  along  the  barrel  using  a 
sabot,  although  in  this  instance  it  must  not  impart  spin.  Here  again,  it  is  important 
that  projectile  and  sabot  separate  cleanly,  without  disturbing  the  flight  of  the  pro¬ 
jectile.  Muzzle  velocities  for  this  type  of  projectile  are  very  high  -  in  excess  of 
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Fig.  2-27.  7.62  x  33 
cartridge  with  sub-calibre 
spin-stabilized  projectile. 
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Fig.  2-28.  5.56  x  45  cartridge  with 
flechette,  left:  cross-section,  above : 
flechette,  with  and  without  sabot. 


1400  m/s.  See  Fig.  2-28  for  an  example.  This  type  of  projectile  has  not  entered 
widespread  use  as  yet. 

Trends.  Cartridge  ammunition  has  been  in  use  for  over  100  years.  In  that  time 
there  have  been  a  number  of  trends,  with  the  resulting  products  either  establishing 
themselves  on  the  market  or  remaining  at  the  experimental  stage.  At  the  end  of  the 
20th  Century,  for  instance,  various  types  of  caseless  ammunition  were  developed, 
together  with  the  weapons  to  fire  them.  These  included  the  military  4.73  mm 
Gil,  the  9  mm  AUPO  for  handguns  and  the  5.7  mm  and  6  mm  UCC  for  hunting 
rifles.  Flowever,  none  of  these  became  truly  successful. 

One  type  of  ammunition  that  is  currently  highly  popular,  at  least  in  Europe,  is 
lead-free  ammunition,  generally  using  copper  or  copper-alloy  bullets.  Examples 
include  the  RUAG  Action,  the  MEN  QD  P.E.P.  for  handguns,  the  Brenneke  TAG, 
the  Impala,  the  MEN  bevel  bullet  and  steel  shot  for  hunting. 

For  hunting  ammunition,  there  is  a  trend  towards  short  cartridges  (e.g.  the 
300  WSM  and  the  6  mm  Norma  BR,  see  Fig.  2-29  a),  which  have  certain  advan¬ 
tages  in  terms  of  ballistics.  In  the  military  sphere,  there  is  a  trend  towards  larger- 
calibre  ammunition  for  assault  rifles  (e.g.  the  6.8  mm  Rem.  SPC)  and  smaller 
cartridges  for  PDW  (personal  defence  weapons)  such  as  the  FN  5.7  x  28  (see 


Fig.  2-29.  Recent  developments: 

a.  6  mm  Norma  BR  for  target  shooting, 

b.  5.7  x  28  cartridge  for  the  FN  P90, 

c.  4.6  x  30  cartridge  for  the  HK  MP-7. 
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Fig.  2-29  b)  and  the  4.6  x  30  produced  by  Heckler  &  Koch  and  by  RUAG  (see 
Fig.  2-29  c).  Pistols  have  also  been  developed  for  these  two  calibres. 

2. 2. 2. 3  Blank  and  irritant  rounds. 

General.  Cases  do  arise  in  wound  ballistics  in  which  blank  cartridges  have  been 
used.  Blank  cartridges,  or  “blanks”,  consist  of  a  cartridge  case,  propellant  and 
primer.  Unlike  normal  ammunition,  blank  cartridges  do  not  include  a  projectile, 
though  in  certain  instances  a  projectile  may  be  loaded  separately. 

Artillery  guns  often  use  ammunition  consisting  of  a  propellant  charge  and  a  separate  projectile. 
This  makes  it  possible  to  choose  the  charge  when  loading,  and  hence  to  adjust  the  range. 

Muzzle-loaders  also  used  a  separate  bullet  and  propellant  charge,  although  the  two  were  often 
carried  together  in  a  paper  cartridge  (see  for  instance  the  cartridges  from  the  period  1856  to  1863 
in  Fig.  7-1). 

As  far  as  the  weapons  of  interest  to  us  are  concerned,  blank  cartridges  are  most 
often  to  be  found  in  alarm  pistols.  Such  weapons  are  in  fairly  widespread  use,  es¬ 
pecially  in  Germany.  For  legal  reasons,  they  must  be  built  in  such  a  fashion  that  it 
is  impossible  to  load  a  projectile  via  the  muzzle. 

For  a  comprehensive  treatment  of  blank  cartridges  and  irritant  rounds,  please 
see  Rothschild  (1999). 

Calibre  and  design.  Alarm  pistols  are  so  designed  as  to  imitate  real  pistols  or 
revolvers,  and  blank  ammunition  is  produced  for  both.  Blank  cartridges  for  re¬ 
volvers  are  rimmed,  whereas  blank  pistol  cartridges  are  generally  rimless,  as  in 
the  case  of  ammunition  for  the  corresponding  real  firearms  (see  Fig.  2-30).  There 
are  four  calibre  groups,  with  designations  based  on  cartridge  case  diameter: 

-  22  long  and  6  mm  Flobert,  both  rimmed,  case  diameter  approx.  5.7  mm; 

-  315,  8  mm  und  320  short,  case  diameter  8  mm; 

-  35,  35  R,  9  mm  PA  and  380  R  (9mmR),  case  diameter  approx.  9.6  mm 
(corresponds  to  9  mm  short); 

-  45  R,  case  diameter  12  mm. 

The  official  designation  used  by  the  C.I.P.  (Commission  Internationale  Permanente  pour  VEpreuve 
des  Armes  a  Feu  portatives.  Permanent  International  Commission  for  the  Proof  of  Small-arms) 


Fig.  2-30.  Blank  cartridges: 

a.  45  R,  rimmed,  crimped, 

b.  9  mm  PA,  rimless,  plastic  seal. 
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adds  the  word  “blanc,”  i.e.  blank  (e.g.  380  short  blank).  In  the  German-speaking  world,  however, 
the  cartridge  designation  generally  makes  no  explicit  mention  of  “blank.” 

There  are  two  systems  for  sealing  blank  cartridges.  In  the  case  of  the  22  long, 
6  mm  Flobert,  320  short,  380  R  and  45  R,  the  mouth  of  the  brass  or  copper  case  is 
crimped  shut  (Fig.  2-30  a).  Other  cases  are  closed  off  by  a  plastic  disc,  scored  in 
such  a  way  as  to  fragment  on  firing.  The  disc  must  be  so  designed  that  no  solid 
fragments  emerge  from  the  muzzle.  See  Fig.  2-30  b. 

The  effects  of  blank  cartridges  in  terms  of  blast  and  gas  jet  depend  not  only  on 
the  calibre  but  also  on  the  design  of  the  weapon. 

Types  of  ammunition.  In  addition  to  blank  cartridges,  which  contain  only  pro¬ 
pellant,  there  are  also  irritant  rounds,  which  contain  both  a  propellant  and  an  irri¬ 
tant,  in  powder  form.  The  irritants  used  are  either  CN  (Chloracetophenone)  or  CS 
(2-chlorobenzalmalononitrile  in  crystalline  form,  or  Capsaicin. 

2.2.2.4  Fragmenting  ammunition 

General.  The  role  of  ammunition  is  to  achieve  a  specific  destructive  effect  on  a 
target  at  a  distance.  Two  packages  of  energy  are  required:  one  to  transport  the 
projectile  to  its  target  and  one  to  achieve  the  effect.  The  small  arms  ammunition 
described  so  far  combines  the  two,  with  all  the  energy  required  being  produced  in 
the  weapon  and  the  projectile  carrying  the  destructive  energy  to  the  target  in  the 
form  of  kinetic  energy. 

Work  must  be  performed  along  the  path  to  the  target  to  overcome  air  resistance  (drag),  and  kinetic 
energy  is  taken  from  the  projectile  to  achieve  this.  The  projectile  must  therefore  be  given  enough 
energy  on  firing  to  both  reach  the  target  and  achieve  the  required  effect. 

In  the  case  of  fragmentation  munitions,  however,  the  two  packages  of  energy  are 
created  separately.  As  a  result,  the  transport  energy  can  be  adapted  to  the  range 
required  without  altering  effectiveness. 

For  short  ranges,  e.g.  in  the  case  of  a  hand  grenade,  human  energy  is  sufficient.  The  range  of  mor¬ 
tars  and  artillery  guns  can  be  adjusted  over  a  wide  spectrum  by  adapting  the  charge  -  and  hence 
the  initial  velocity  -  to  the  range  required. 

The  energy  needed  to  achieve  the  effect  on  the  target  is  transported  by  the  projec¬ 
tile  as  chemical  energy,  generally  in  the  form  of  a  high  explosive.  This  energy  is 
converted  into  pressure  (via  combustion  or  detonation)  in  the  vicinity  of  the  tar¬ 
get,  and  it  is  this  pressure  that  creates  and  accelerates  the  fragments.  These  frag¬ 
ments  may  be  compared  to  bullets,  in  that  the  kinetic  energy  imparted  is  used  to 
get  them  to  the  target  and  to  achieve  the  effect. 

Structure  and  nomenclature.  The  overall  structure  of  fragmentation  munitions  is 
similar  to  that  of  small  arms  ammunition  (see  Fig.  2-31).  Like  small  arms  ammu¬ 
nition,  fragmentation  shells  have  a  projectile  (the  fragment),  a  propellant  (the  high 
explosive)  and  a  firing  device  (the  fuse  and  the  booster). 
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The  casing  of  a  fragmentation  shell 
both  provides  the  fragments  and  contains 
the  high  explosive.  A  fuse  is  built  into 
either  the  tip  or  the  base  of  the  projectile, 
depending  on  the  role  of  the  shell.  The 
purpose  of  the  fuse  is  to  detonate  the  ex¬ 
plosive  at  the  appropriate  moment. 

The  body  of  the  shell  or  grenade  is 
generally  made  of  steel.  In  order  to  pro¬ 
duce  fragments  of  regular  shape,  it  is  of¬ 
ten  prefragmented  to  a  geometric  pattern 
on  the  inside  or  outside.  In  some  cases, 
the  fragments  are  prefabricated  and  em¬ 
bedded  in  a  substrate  such  as  plastic  or 
aluminium  (see  Fig.  2-32).  These  prefab¬ 
ricated  fragments  generally  consist  of 


Fig.  2-31.  Schematic  of  an  balls  or  cubes  made  of  steel  or  tungsten, 

artillery  shell.  Such  munitions  are  also  classed  as  pre¬ 


fragmented  shells. 


Tungsten  is  often  used  for  the  fragments,  as  its  high  density  yields  heavy  fragments  with  lower  air 
resistance. 


As  the  fuse  has  the  task  of  detonating  the  high  explosive  when  the  shell  arrives  in 
the  vicinity  of  the  target,  there  has  to  be  some  way  of  determining  when  that  is. 
There  are  many  ways  of  achieving  this,  using  mechanical  or  electronic  means. 
The  simplest  device  is  the  impact  fuse,  which  detonates  on  impact  with  the 
ground.  However,  if  the  shell  detonates  on  impact,  a  large  percentage  of  the  frag¬ 
ments  ends  up  in  the  ground,  so  the  shell  is  often  detonated  a  few  metres  above 
the  ground. 


Prefragmented 

body 


Fig.  2-32.  Structure  of  a  hand  grenade. 
Delayed  detonation  is  achieved  by  means 
of  a  pyrotechnic  charge  with  a  predefined 
burning  rate. 


In  the  past,  attempts  were  made  to  achieve  this 
using  time  fuses,  which  involved  setting  the  time 
of  flight  before  firing.  However,  the  wide  dispar¬ 
ity  in  times  of  flight  led  to  considerable  scatter  in 
the  height  at  which  the  shell  detonated.  The  mod¬ 
ern  approach  is  to  use  electronic  proximity  fuses, 
which  measure  the  distance  from  the  ground  and 
detonate  at  a  predetermined  height. 

If  it  is  not  possible  to  predict  the  orienta¬ 
tion  of  a  device  on  impact  (as  is  the  case 
with  hand  grenades,  for  instance)  they 
are  fitted  with  pyrotechnic  time  fuses. 

Pipe  bombs  are  often  used  in  civilian 
contexts  (i.e.  in  terror  attacks).  A  pipe 
bomb  consists  of  a  length  of  gas  or  water 
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Fig.  2-33.  Fragments  from  a  single  pipe  bomb,  20  cm  in  length.  This  is  an  example  of  an 
improvised  explosive  device,  or  IED.  Top  right:  the  device  before  detonation. 

pipe  filled  with  a  high  explosive  and  equipped  with  a  detonator.  These  simple 
devices  can  be  very  effective,  as  the  fragments  from  a  20  cm  bomb  illustrate  (see 
Fig.  2-33). 

2.2.3  Weapons 

2. 2.3.1  Firearm  design  and  typology 

Components.  Every  firearm  consists  of  certain  components,  the  actual  design  of 
which  may  vary  considerably  depending  on  the  type  of  weapon  and  the  individual 
model.  The  components  are: 

-  barrel  and  chamber; 

-  bolt,  locking  mechanism  and  cartridge  feed; 

-  firing  mechanism  and  safety  device. 

In  dividing  firearms  into  categories,  we  consider  both  their  role  and  the  charac¬ 
teristics  of  these  components. 

Barrel.  The  barrel  is  the  central  element  of  a  firearm,  providing  the  path  over 
which  the  bullet  accelerates.  At  the  rear  of  the  barrel  we  find  the  chamber,  a  wid¬ 
ening  of  the  barrel  in  the  form  of  the  cartridge  to  be  used.  Because  the  chamber 
matches  the  shape  of  the  cartridge,  a  weapon  is  usually  designed  for  one  specific 
cartridge  type. 

There  are  two  basic  types  of  barrel.  Spherical  projectiles  (and,  more  recently, 
flechettes)  are  generally  fired  from  a  smooth-bore  barrel.  Long  projectiles  without 
fins  must  be  made  to  spin  around  their  longitudinal  axis  in  order  to  achieve  stabil¬ 
ity  in  flight  (see  2.3.5).  This  is  achieved  by  incorporating  spiral  grooves  into  the 
barrel,  which  guide  the  bullet  and  impart  the  required  spin  (see  Fig.  2-34).  This 
type  of  barrel  is  described  as  rifled.  The  raised  areas  of  metal  between  the  grooves 
are  referred  to  as  lands.  The  internal  diameter  of  the  barrel  -  measured  between 
the  lands  in  the  case  of  a  rifled  barrel  -  is  the  calibre.  The  measured  calibre  of  the 
bore  is  often  not  identical  to  the  nominal  calibre  used  to  identify  the  weapon. 
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Fig.  2-34.  Barrels  (in  cross-section).  Left:  Smooth-bore  (shotgun)  barrel.  Right:  Rifled  (rifle) 
barrel.  The  lands  and  grooves  are  shown  in  exaggerated  form. 


The  distance  that  a  bullet  moves  along  the  barrel  as  it  makes  one  full  rotation  is 
the  twist  length  and  is  a  key  characteristic  of  a  rifled  barrel.  Instead  of  the  twist 
length,  one  can  specify  the  helix  angle  of  the  grooves,  known  as  the  angle  of  twist. 
The  relationship  between  twist  length  A,  calibre  k  und  angle  of  twist  T  is  given 
by: 

(2.2:1)  T  =  arctan  flJf  .  [°] 

A 

The  speed  of  rotation  of  the  bullet  v  is  determined  by  the  twist  length  and  the 
muzzle  velocity  v: 

(2.2:2)  v  =  —  .  [1/s] 

A 

Often  -  especially  on  military  weapons  -  the  muzzle  is  fitted  with  a  muzzle  brake, 
a  device  that  disperses  the  combustion  gases  that  follow  the  bullet  out  of  the  muz¬ 
zle  (see  Fig.  2-35).  Depending  on  the  design  of  the  muzzle  brake,  it  may  serve 
either  or  both  of  two  purposes:  to  reduce  recoil  and  the  upwards  deflection  of  the 
barrel  and/or  to  prevent  secondary  flash  (see  2. 3. 3. 2). 

Bolt  or  breech  block.  The  combustion  gases  generated  when  the  weapon  is  fired 
act  in  all  directions.  To  prevent  the  cartridge  case  from  moving  in  the  opposite 
direction  to  the  bullet  (owing  to  the  law  of  conservation  of  momentum),  the  car¬ 
tridge  must  be  held  firmly  in  place.  This  is  the  job  of  the  bolt  or  breech  block.  In 
the  closed  position,  this  device  seals  off  the  chamber  from  behind.  In  the  open 
position,  it  must  ensure  that  the  cartridge  loads  reliably  and  that  the  spent  case  is 
removed  after  firing.  It  also  houses  those  parts  of  the  firing  mechanism  (firing  pin, 
etc.)  that  must  be  able  to  reach  the  head  of  the  cartridge.  It  is  generally  closed 


Fig.  2-35.  Muzzle  brake  on  a 
sniper  rifle  (Sauer  2000).  The 
angled  slot  reduces  the  upwards 
deflection  of  the  muzzle  on 
firing. 
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when  the  weapon  is  ready  to  fire,  except  in  the  case  of  weapons  that  operate  at 
relatively  low  gas  pressures.  There  are  many  different  bolts,  breech  blocks  and 
locking  mechanisms.  The  most  important  are  as  follows: 

-  Break  action.  Most  often  found  on  single-  and  double-barrel  shotguns,  but 
also  used  in  single-shot  pistols. 

-  Bolt  action  or  cylinder  lock.  The  breech  block  moves  in  a  straight  line  along 
the  axis  of  the  barrel,  in  a  lock-box.  The  action  is  generally  locked  by  a  ro¬ 
tating  movement,  for  instance  by  lugs  on  the  breech  block  engaging  with 
corresponding  slots.  Weapons  designed  for  low-energy  cartridges  (e.g.  22  L.R.) 
often  use  the  blowback  system ,  and  have  no  locking  mechanism  at  all. 

-  Falling  block.  The  breech  block  moves  vertically  in  the  receiver,  behind  the 
chamber.  This  system  is  found  mainly  on  single-barrelled  hunting  rifles  with 
fixed  barrels. 

The  action  can  be  operated  by  hand  or  automatically.  In  the  case  of  automatic  op¬ 
eration,  the  energy  required  is  obtained  either  from  the  recoil  (in  the  case  of  a 
blowback  operated  weapon )  or  from  the  combustion  gases  (in  the  case  of  a  gas 
operated  weapon ).  On  a  gas  operated  weapon,  some  of  the  combustion  gas  is  di¬ 
verted  onto  the  head  of  a  piston  via  an  aperture,  the  gas  port.  The  piston  operates  a 
mechanism  that  unlocks  the  breech  block  and  forces  it  back.  The  breech  block 
therefore  remains  locked  in  the  closed  position  until  the  gas  has  passed  the  gas 
port.  A  blowback  operated  weapon  uses  momentum.  To  ensure  that  the  gas  pres¬ 
sure  acts  on  the  bullet  for  as  long  as  possible,  the  weapon  is  so  designed  that  there 
is  a  certain  delay  before  the  breech  opens. 

The  action  of  a  weapon  falls  into  one  of  two  categories  with  respect  to  the  se¬ 
quence  of  movements.  On  a  weapon  that  “fires  from  an  open  bolt,”  the  breech 
block  is  to  the  rear  when  the  weapon  is  ready  to  fire.  When  the  trigger  is  pulled, 
the  breech  block  flies  forward,  picking  up  a  cartridge  from  the  magazine  as  it  does 
so,  and  a  fixed  firing  pin  fires  the  cartridge  as  soon  as  it  is  seated  in  the  chamber. 
The  recoil  from  the  cartridge  the  forces  the  breech  block  back  to  its  initial  posi¬ 
tion.  On  a  weapon  that  “fires  from  a  closed  bolt,”  however,  the  breech  block  is 
closed  when  the  weapon  is  ready  to  fire.  Squeezing  the  trigger  causes  a  floating 
firing  pin  to  strike  primer,  firing  the  cartridge.  The  breechblock  is  forced  to  the 
rear,  ejects  the  spent  case  and  flies  forward  again,  sliding  a  new  cartridge  into  the 
chamber.  This  means  that  when  a  weapon  that  fires  from  a  closed  bolt  is  ready  to 
fire  there  is  a  cartridge  in  the  chamber,  whereas  in  the  case  of  a  weapon  that  fires 
from  an  open  bolt  the  chamber  is  empty  when  the  weapon  is  ready  to  fire,  thus 
avoiding  all  risk  of  a  cartridge  cooking  off. 

Firing  mechanism  and  safety  devices.  Every  weapon  needs  a  mean  whereby  the 
user  can  fire  a  round  at  the  moment  chosen.  This  is  the  firing  mechanism,  and  is 
generally  linked  closely  with  the  bolt  or  breech  block.  Its  main  components  are 
the  firing  pin,  striker  (or  hammer),  main  spring,  trigger  bar,  trigger  and  trigger 
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spring.  The  main  spring  supplies  the  energy  required  to  detonate  the  cartridge  and 
is  generally  compressed  by  the  cocking  action. 

To  prevent  the  weapon  going  off  unintentionally,  one  or  more  safety  devices 
are  incorporated.  First,  every  trigger  has  a  certain  resistance  (10  N  to  40  N),  which 
prevents  it  being  operated  too  easily.  To  allow  the  weapon  to  be  fired  without  op¬ 
eration  of  the  trigger  affecting  accuracy,  the  double  set  trigger  was  introduced, 
whereby  one  action  sets  the  trigger  and  a  second  one  fires  the  weapon,  the  second 
action  requiring  a  pull  of  only  a  few  decinewton  (dN). 

Most  safety  devices  stop  the  trigger  from  operating  the  firing  mechanism  at 
some  point  within  the  mechanism.  The  closer  to  the  cartridge  that  happens,  the 
more  reliable  the  safety  device;  so  modern  weapons  often  use  hammer/striker  or 
firing  pin  safety  devices. 

Weapon  names  and  categories.  Firearms  are  generally  categorized  according  to 
their  design  and  the  way  they  are  operated: 

-  One-handed  versus  two-handed  operation. 

Weapons  designed  to  be  fired  with  one  hand  are  generally  known  as  hand¬ 
guns.  Weapons  designed  to  be  fired  with  two  hands  are  known  as  long 
weapons. 

-  Single-shot,  repeater,  semi-automatic  or  automatic. 

Weapons  that  must  be  loaded  before  each  shot  are  called  single-shot  weap¬ 
ons.  If  a  weapon  has  a  magazine,  from  which  a  cartridge  can  be  loaded  by  a 
simple  hand  movement  (cocking  action),  it  is  known  as  a  repeater.  If  the 
weapon  cocks  automatically  after  each  shot,  but  only  fires  one  shot  each 
time  the  trigger  is  pulled,  it  is  described  as  semi-automatic,  self-loading  or 
autoloading.  If  it  is  possible  to  fire  more  than  one  shot  by  pulling  the  trigger 
just  once,  the  weapon  is  said  to  be  automatic  or  fully  automatic. 

-  Long  weapons  are  further  categorized  according  to  whether  the  bore  is 
smooth  or  rifled. 

A  weapon  with  a  smooth  bore  is  known  as  a  shotgun,  while  a  weapon  with  a 
rifled  bore  is  called  a  rifle. 

-  Handguns  are  categorized  according  to  their  design. 

If  the  barrel  and  chamber  are  fixed  together,  the  weapon  is  a  pistol.  A  hand¬ 
gun  with  a  number  of  chambers  in  a  revolving  cylinder  mounted  behind  the 
barrel  is  designated  a  revolver. 

In  many  cases,  more  than  one  of  these  terms  may  apply  to  the  same  weapon.  For 
instance,  both  shotguns  and  rifles  can  be  single-shot  or  self-loading.  Most  pistols 
are  semi-automatic,  but  there  is  no  such  thing  as  a  semi-automatic  revolver.  A 
fully  automatic  pistol  is  known  as  a  submachine  gun. 

“Shotguns”  with  rifled  barrels  have  appeared  in  recent  years,  designed  to  fire 
slugs  with  a  higher  degree  of  accuracy.  However,  according  to  the  generally  ac- 
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Fig.  2-36.  Typical  revolvers: 

a.  Smith  &  Wesson,  357  Mag., 

b.  Astra,  22  L.R. 


cepted  criteria  above,  such  a  weapon  is  a  rifle,  of  which  the  calibre,  maximum  gas 
pressure  and  chamber  correspond  to  that  of  a  shotgun. 

2.2.3. 2  Handguns 

Revolvers.  Revolvers  (see  Fig.  2-36)  are  inherently  single-shot  weapons.  The 
hammer,  which  strikes  the  firing  pin  every  time  the  trigger  is  pulled,  has  to  be 
cocked  after  every  shot.  A  revolver  of  which  the  hammer  can  only  be  cocked  by 
pulling  it  back  manually  is  known  as  a  single  action  (SA)  revolver.  If  the  hammer 
can  also  be  cocked  by  the  action  of  the  trigger,  the  weapon  is  known  as  a  double¬ 
action  (DA)  revolver.  The  action  of  cocking  the  hammer  rotates  the  cylinder  by 
one  chamber,  placing  the  cartridge  that  was  previously  to  the  left  or  right  of  the 


Fig.  2-37.  a.  Same  (6-shot)  weapon  as  in  Fig.  2-36  a,  with  cylinder  swung  out,  b.  Same  (9-shot) 
weapon  as  in  Fig.  2-36  b,  with  cylinder  swung  out. 
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Fig.  2-38.  Typical  large-calibre 
pistol  (9  mm  Luger): 

SIG-Sauer  P  228,  muzzle  energy 
approx.  500  J. 


Fig.  2-39.  Typical  small-calibre  pistol 
(7.65  Browning):  Walther  PPK,  Manurhin 
licence.  Muzzle  energy  approx.  220  J. 


barrel  in  position  to  be  fired.  The  direction  of  rotation  varies  according  to  the 
model. 

The  cylinder  generally  holds  five  to  six  cartridges,  depending  on  the  size  of  the 
weapon  and  of  the  cartridge.  The  cylinders  of  weapons  designed  for  22  calibre 
ammunition  (22  L.R.  or  22  Mag.)  often  hold  nine  cartridges  or  more.  On  most 
modern  revolvers,  the  cylinder  swings  out  to  the  side  for  loading  (see  Fig.  2-37). 
Flowever,  certain  revolvers  have  a  special  loading  position  or  use  a  break  action. 

Pistols.  With  the  exception  of  a  small  number  of  single-shot  and  two-shot  designs, 
pistols  are  generally  semi-automatic  and  capable  of  firing  several  shots.  The  car¬ 
tridges  are  stored  in  a  magazine,  which  usually  slides  into  the  grip.  The  current 
trend  is  towards  more  compact  pistols,  but  with  greater  magazine  capacity  even  in 
the  case  of  larger  calibres.  There  are  already  surprisingly  small  pistols  available 
with  12-  or  16-round  magazines  (see  Fig.  2-38).  To  ensure  that  the  user  is  ready  to 
fire  the  first  shot  as  rapidly  as  possible,  double-action  (DA)  or,  more  rarely,  dou¬ 
ble-action  only  (DAO)  has  become  most  popular.  The  hammer  of  a  DA  pistol 
only  has  to  be  cocked  by  the  trigger  before  the  first  shot,  while  the  hammer  of  a 
double-action-only  weapon  is  cocked  by  the  trigger  before  every  shot. 

Pistols  designed  for  low-power  cartridges  (with  a  muzzle  momentum  of  less 
than  approx.  2  N-s;  see  Fig.  2-39)  generally  have  an  unlocked  blow-back  system, 
with  the  breech  block  simply  held  against  the  chamber  by  the  spring.  On  a  pistol 
with  a  higher  muzzle  momentum  the  breech  block  has  to  be  locked,  as  for  a  rifle. 

Most  single-shot  pistols  are  made  for  target  shooting,  where  accuracy  is  par¬ 
ticularly  important;  an  automatic  loading  mechanism,  however  well  made,  will 
reduce  the  accuracy  of  the  weapon.  Where  possible,  such  mechanisms  are  avoided 
in  competition  pistols. 
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Fig.  2-40.  Typical  submachine 
gun  (Uzi,  9  mm  Luger). 


Submachine  guns.  Submachine  guns  are  automatic  weapons  that  fire  pistol  am¬ 
munition.  Most  are  9  mm  Luger,  although  a  few  fire  45  Auto.  They  are  generally 
very  simple  in  design,  using  a  blowback  mechanism  firing  from  the  open  bolt  and 
no  locking  system.  In  many  cases,  they  are  incapable  of  firing  single-shot. 
Famous  examples  of  submachine  guns  include  the  Thompson  (45  Auto),  the 
British  Sten  Gun  and  the  Israeli  Uzi  (see  Fig.  2-40).  The  Sten  and  the  Uzi  both  fire 
9  mm  Luger. 

The  capacity  of  a  submachine  gun  depends  on  the  type  of  magazine,  which  is 
normally  30  to  50  rounds,  though  drum  magazines  may  hold  up  to  100.  The  rate 
of  fire  lies  between  600  and  800  rounds  per  minute.  Submachine  guns  are  not 
usually  used  for  aimed  shots,  and  the  sights  are  correspondingly  basic. 

2.2.3. 3  Long  weapons 

Military  rifles.  The  majority  of  rifles  used  by  armies  today  are  automatic.  They 
are  known  as  assault  rifles  and  form  part  of  the  soldier’s  personal  weaponry. 
While  older  models  may  well  be  blowback  operated,  virtually  all  modem  assault 
rifles  are  gas  operated.  They  have  magazines  holding  20  to  30  cartridges  and  can 
fire  single-shot,  fully  automatic  and,  in  many  cases,  in  bursts  of  three  rounds. 

Some  types  of  assault  rifle  have  become  popular  the  world  over.  Probably  the 
most  frequently  encountered  military  weapon  in  the  world  is  the  Russian 
7.62  x  39  AK-47,  designed  by  M.  T.  Kalashnikov  and  introduced  in  1947  (see 
Fig.  2-41  a).  Almost  100  million  of  these  weapons  have  been  produced,  and  ar¬ 
mies  that  use  this  weapon  as  standard  include  those  of  the  former  Warsaw  Pact 
and  a  number  of  eastern  countries.  A  5.45  x  39  successor  was  introduced  in  1974, 
the  AK-74  (see  Fig.  2-41  b). 

After  the  Second  World  War,  Western  forces  initially  standardized  on  the 
commercial  308  Win.  calibre,  designated  7.62  mm  NATO,  with  several  assault 
rifles  being  designed  for  this  ammunition.  The  American  Ml 4,  German  G  3  and 
Belgian  FAL  were  all  in  fairly  widespread  use.  Fig.  2-42  a  shows  a  modem  as¬ 
sault  rifle  produced  by  SIG.  In  the  1960s,  the  US  Army  introduced  a  new, 
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Fig.  2-41.  Typical  military 
weapons  of  eastern  origin: 

a.  7.62  x  39  AK-47, 
(Kalashnikov) 

b.  5.45  x  39  AK-74, 
(Kalashnikov). 


smaller-calibre  rifle,  which  was  produced  in  large  numbers.  This  was  the  Ml 6, 
chambered  for  5.56  x  45  (223  Rem.).  The  M16  was  designed  by  Armalite  but 
manufactured  by  a  number  of  different  companies  and  initially  fired  the  Ml 93 
cartridge.  This  rifle  formed  the  basis  for  several  new  rifle  and  cartridge  designs  in 
a  number  of  western  countries.  In  time,  this  led  to  the  emergence  of  a  new  NATO 
standard  5.56  x  45  round,  designated  5.56  mm  NATO,  based  on  the  SS  109  car¬ 
tridge  produced  by  Belgian  manufacturer  FN.  The  SS  109  uses  a  different  bullet 
from  the  223  Rem.,  with  a  much  shorter  twist  length  (178  mm  instead  of 
305  mm).  This  new  version  of  the  M16  (see  Fig.  2-42  b)  was  designated  M16A4 
and  the  US  designation  for  the  corresponding  cartridge  is  M855.  The  Israeli  Galil 
also  became  very  well  known,  and  is  available  in  all  the  western  calibres  men¬ 
tioned  above. 

To  enhance  accuracy,  sniper  rifles  (see  Fig.  2-43)  are  generally  repeater,  al¬ 
though  semi-automatic  sniper  rifles  do  exist.  They  are  equipped  with  optical 
sights  for  day  and  night  use.  Because  of  the  range  required  in  a  military  role, 


Fig.  2-42.  Typical  military 
weapons  of  western  origin: 

a.  7.62  mm  NATO  SG  542 
(SIG-Manurhin), 

b.  5.56  x  45  M16A4  Bush- 
master. 
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Fig.  2-43.  SIG  SG  550 
semi-automatic  sniper  rifle, 
5.56  x  45  (223  Rent.). 


western  countries’  sniper  rifles  are  designed  for  7.62  mm  NATO,  338  Lapua 
Magnum  or  12.7  x  99  (50  Browning).  Eastern  countries  use  7.62  x  54  R  for  the 
same  reason,  although  there  is  a  trend  towards  larger  calibres  (up  to  14.5  mm).  At 
shorter  ranges,  as  required  by  police  sharpshooters  in  urban  contexts,  5.56  x  45  is 
sometimes  used. 

Most  recently,  armed  forces  have  been  adopting  autoloading  and  automatic 
shotguns.  These  are  generally  chambered  in  18.5  x  59  (more  usually  known  as 
12/70,  see  “Hunting  weapons”  below)  and  are  usually  designed  to  deliver  higher 
performance  than  hunting  shotguns  of  the  same  calibre.  Nevertheless,  their  use 
remains  limited  to  the  shorter  ranges  encountered  in  rough  country  or  in  heavily 
built-up  areas. 

Machine  guns.  Machine  guns  are  automatic  weapons  designed  to  fire  large  quan¬ 
tities  of  ammunition.  As  a  result,  their  design  differs  from  that  of  assault  rifles 
(see  Fig.  2-44).  It  is  difficult  to  feed  large  numbers  of  rounds  from  a  magazine,  so 
most  machine  guns  use  belted  ammunition,  with  each  belt  holding  up  to  250 
rounds.  A  heavy,  stable  tripod  is  required  to  maintain  stability  during  sustained 
fire.  As  overheating  of  the  barrel  is  a  problem  when  the  weapon  is  used  for  long 
periods,  machine  guns  often  have  interchangeable  barrels  or  cooling  systems  (air 
or  water). 

These  weapons  are  generally  used  at  longer  ranges  and  therefore  tend  to  be 
chambered  in  larger  calibres  (7.62  mm  to  12.7  mm). 

Hunting  rifles  and  shotguns.  Most  hunting  rifles  and  shotguns  are  single-shot. 
As  hunters  often  wish  to  be  able  to  use  more  than  one  type  of  ammunition,  de¬ 
signs  with  two  to  four  barrels  of  differing  calibres  have  become  popular.  A 
weapon  with  two  smooth-bore  barrels  is  known  as  a  double-barrelled  shotgun , 
while  a  weapon  with  two  rifled  bores  is  called  a  double  rifle.  A  weapon  with  one 
rifled  barrel  and  one  smooth  barrel  is  known  as  a  rifle-shotgun.  If  the  barrels  are 
arranged  one  above  the  other  (see  Fig.  2-45  a)  the  weapon  is  referred  to  as  a  su- 


Fig.  2-44.  Machine  gun 
on  tripod  (SIG  710-3, 
7.62  mm  NATO). 
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Fig.  2-45.  Typical  hunting 
weapons: 

a.  Supeiposed  rifle-shotgun, 

b.  Drilling,  with  two  shotgun 
barrels  and  one  rifled 
barrel. 


perposed  rifle-shotgun.  A  weapon  with  three  barrels  is  called  a  drilling  (also  the 
German  word  for  "triplet”).  See  Fig.  2-45  b. 

The  naming  convention  for  shotgun  calibres  has  a  historical  basis.  The  "bore” 
number  is  determined  by  the  weight,  in  fractions  of  a  pound,  of  a  solid  sphere  of 
lead  with  a  diameter  equal  to  the  inside  diameter  of  the  barrel.  The  greater  the 
bore  diameter,  the  smaller  the  number.  The  nominal  inside  diameter  of  a  shotgun 
barrel  can  be  calculated  using  the  following  formula: 


(2.2:3) 


d 


[mm] 


where  ks  is  the  pellet  diameter  and  d  the  nominal  inside  diameter  of  the  barrel. 
Please  see  Annex  A. 9  for  tables  of  common  shotgun  ammunition  dimensions.  A 
second  number  is  used  to  indicate  the  length  of  the  chamber  and  hence  the  maxi¬ 
mum  length  of  cartridge  that  can  be  used.  This  figure  is  given  in  mm  in  mainland 
Europe  and  in  inches  in  the  English-speaking  world,  the  12/70  (12/23/4M)  being 
one  of  the  most  common. 

Competition  weapons.  Effect  on  the  target  and  a  flat  trajectory  are  of  secondary 
importance  in  weapons  designed  exclusively  for  competition  shooting.  What  is 
required  is  that  spread  be  minimized.  This  is  achieved  by  manufacturing  the  rele¬ 
vant  parts  of  the  weapon  to  a  high  degree  of  precision.  Competition  weapons  are 
therefore  single-shot  or  repeating  weapons,  with  the  exception  of  those  used  for 
rapid-fire  competitions.  The  stock,  butt  and  grips  can  be  modified  to  suit  the  user 
and  ensure  a  comfortable  shooting  position. 

Typical  competition  weapons  include  match  rifles,  while  in  southern  Germany, 
Austria  and  Switzerland,  a  type  of  short  rifle  known  as  a  stutzen  or  stutzer  is  also 
popular.  At  short  ranges  (i.e.  up  to  50  m)  competitors  use  22  L.R.  At  longer 
ranges  (300  m),  rifle  calibres  such  as  6  mm  Norma  BR  or  308  Win.  are  popular, 
as  these  are  less  sensitive  to  crosswinds  than  223  Rem.,  for  instance.  Special  shot¬ 
guns  are  available  for  clay  pigeon  shooting  and  similar  competitions. 
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2.2.3. 4  Alarm  pistols  and  revolvers 

Alarm  pistols  and  revolvers  are  generally  replicas  of  real  weapons.  Their  mode  of 
operation  is  based  on  that  of  the  weapons  they  imitate.  Alarm  pistols  are  therefore 
semi-automatic  weapons,  with  a  manual  cocking  action  required  for  the  first 
round  only.  Both  single-action  and  double-action  revolvers  are  available.  To  pre¬ 
vent  the  weapon  being  made  capable  of  firing  real  ammunition,  the  barrel  must  be 
fixed  to  the  receiver  or  grip  and  must  incorporate  hardened  metal  baffles,  both  to 
prevent  its  being  drilled  out  to  a  normal  calibre  and  to  prevent  a  muzzle-loaded 
projectile  accelerating  to  a  dangerous  velocity  (see  ROTHSCHILD  1999). 

When  a  blank  cartridge  is  fired,  gas  can  leave  the  muzzle  at  velocities  of  over 
3000  m/s  (see  4. 2. 3. 4).  Barrel  length  has  an  influence  on  the  velocity  of  the  gas  jet 
and  hence  on  the  danger  that  it  poses. 


2.3  Ballistics 

2.3.1  Definitions 

The  word  ballistics  comes  from  Greek,  and  means  the  study  of  objects  that  are 
thrown  and  of  their  trajectories.  As  firearms  became  more  common,  the  term 
came  to  mean  all  processes  related  to  the  motion  of  a  bullet.  Four  sub-areas  have 
developed: 

-  Interior  ballistics  is  the  study  of  the  acceleration  of  the  bullet  in  the  weapon 
and  the  related  processes. 

-  Intermediate  ballistics  is  the  study  of  the  process  by  which  the  bullet  leaves 
the  muzzle,  and  how  this  is  influenced  by  the  weapon  and  by  combustion 
gases. 

-  Exterior  ballistics  is  the  study  of  ballistics  in  the  original  sense  of  the  term  - 
the  path  of  the  bullet  through  the  air. 

-  Terminal  ballistics  is  the  study  of  the  penetration  of  the  target  by  the  bullet, 
the  target  generally  being  a  material  substantially  denser  than  air. 

Wound  ballistics  is  a  sub-domain  of  terminal  ballistics,  concerned  primarily  with 
the  penetration  of  a  bullet  into  persons  and  animals,  and  the  effects  that  result. 

Sectional  density  is  one  of  the  most  important  physical  quantities  in  all  areas  of 
ballistics,  and  is  defined  as  the  ratio  of  mass  to  cross-sectional  area  A.  The  cross- 
sectional  area  equates  to  that  of  the  projection  of  the  bullet  onto  a  plane 
perpendicular  to  the  direction  of  movement.  In  the  normal  case,  that  of  a  bullet  in 
stable  flight,  we  generally  use  the  cross-sectional  area  of  the  calibre,  which  is 
often  slightly  smaller  than  the  cross-sectional  area  of  the  bullet  itself: 
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A  heavy,  slender  projectile  (such  as  an  arrow)  therefore  has  a  high  sectional  den¬ 
sity,  whereas  a  light  projectile  with  a  large  cross-section  has  a  low  sectional  den¬ 
sity.  For  projectiles  of  similar  geometry  and  design,  q  increases  linearly  with  cali¬ 
bre.  For  smaller  calibres,  q  is  generally  measured  in  [g/mnr]. 

In  most  ballistic  processes,  it  is  the  sectional  density  that  plays  the  decisive 
role,  rather  than  the  calibre  or  mass  of  the  bullet. 

Example:  A  22  L.R.  bullet  weighing  2.6  g  has  a  slightly  higher  sectional  density  than  a  9  mm 
Browning  bullet  weighing  6.1  g.  As  a  result,  it  is  deflected  slightly  less  by  crosswinds. 
The  effect  of  the  crosswind  depends  not  on  the  mass  of  the  bullet  but  on  its  sectional 
density. 


2.3.2  Interior  ballistics 

2.3. 2.1  General 

Interior  ballistics  starts  when  the  firing  pin  hits  the  primer  and  ends  when  the  bul¬ 
let  leaves  the  barrel.  This  field  of  study  is  of  only  peripheral  relevance  to  wound 
ballistics.  Flowever,  when  a  shot  is  fired  at  short  range  or  with  the  muzzle  in  con¬ 
tact  with  the  body,  interior  ballistics  does  play  a  decisive  role  in  wounding  and  in 
the  visible  characteristics  of  the  wound.  A  knowledge  of  interior  ballistics  is 
therefore  of  value  in  the  field  of  forensic  ballistics  when  it  is  necessary  to  assess 
gunshot  residues,  determine  muzzle-target  distances,  etc. 

2.3. 2.2  Powder  combustion 

The  main  difference  between  combustion  (or  deflagration)  and  detonation  lies  in 
the  speed  at  which  oxidation  propagates.  If  this  burning  rate  is  of  the  order  of 
millimetres  or  centimetres  per  second,  we  speak  of  combustion  or  deflagration.  A 
burning  rate  of  kilometres  per  second  is  classed  as  detonation.  Normally,  the 
powder  burns  inside  the  weapon,  but  the  burning  rate  is  determined  to  a  large  de¬ 
gree  by  pressure  (see  Table  2-10).  This  is  known  as  the  law  of  powder  combus¬ 
tion. 

At  any  given  moment,  powder  will  burn  perpendicular  to  its  surface,  at  its  cur¬ 
rent  burning  rate.  The  quantity  of  gas  produced,  and  hence  the  pressure  devel¬ 
oped,  therefore  depends  on  both  the  pressure  itself  and  on  the  geometric  form  of 
the  powder  particle.  If  the  surface  area  of  the  powder  reduces  as  it  burns,  the 
powder  is  described  as  degressive.  If  the  surface  area  increases,  it  is  known  as 
progressive.  If  it  remains  constant,  it  is  known  as  neutral.  Ball  powder  and  flake 
powder  (see  Fig.  2-11,  left)  are  therefore  degressive  powders.  Tubular  powder 
(see  Fig.  2-11,  right)  is  neutral  (if  we  ignore  the  ends  of  the  tubes).  Cylindrical 
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Table  2-10.  Burning  rates 


Propellant 

Pressure 

[bar] 

Burning  rate 
[mm/s] 

Black  powder 

1 

1.8 

Nitrocellulose  powder 

1 

0.06-0.09 

Nitroglycerine  powder 

1 

0.07-0.25 

do 

10 

1.5 

do 

500 

75 

do 

4000 

600 

Explosives 

[m/s] 

Trinitrotoluene  (TNT) 

1 

6900 

Hexogen 

1 

8700 

powder  with  seven  holes  (known  as  seven-hole  powder)  is  progressive,  as  the  sum 
of  the  expanding  surfaces  burning  from  inside  to  outside  is  greater  than  the  sum  of 
the  reducing  surfaces  burning  from  outside  to  inside.  The  burning  rate  is  often 
modified  by  treating  the  surface  with  a  retardant  or  accelerator. 

The  combustion  properties  of  a  powder  depend  not  only  on  the  pressure  and  on 
the  form  of  the  particles  but  also  on  the  vivacity  of  the  powder.  This  is  a  constant 
that  governs  the  relationship  between  burning  rate  and  pressure. 

2.3. 2.3  The  firing  sequence 

The  firing  sequence  is  highly  complex  and  takes  place  under  extreme  physical 
conditions.  High  pressures  and  high  temperatures  are  generated  together,  in  a  very 
brief  timeframe. 

The  process  begins  when  the  primer  is  ignited,  the  hot  gases  and  flames  par¬ 
tially  burning  the  surface  of  the  powder.  The  bullet  has  a  certain  initial  resistance, 
causing  the  pressure  in  the  cartridge  case  to  rise  rapidly,  which  ensures  that  the 
entire  surface  of  the  powder  ignites  as  evenly  as  possible.  As  a  result,  the  bullet 
only  begins  to  move  when  the  pressure  exceeds  a  certain  level,  the  shot  start  pres¬ 
sure.  As  it  does  so,  the  volume  available  to  the  gas  increases.  From  this  point  on, 
increase  in  volume  and  the  quantity  of  gas  produced  determine  the  change  in  gas 
pressure,  which  reaches  a  maximum  when  the  two  are  equal.  Thereafter,  pressure 
drops  until  the  bullet  leaves  the  muzzle.  The  pressure  remaining  at  this  point  (the 
muzzle  pressure)  determines  what  happens  at  the  muzzle.  Fig.  2-46  a  is  a  typical 
curve  of  gas  pressure  over  time.  Fig.  2-46  b  shows  pressure  plotted  against  the 
distance  that  the  bullet  has  moved  and  the  velocity  of  the  bullet. 

Powder  combustion  must  be  regulated  in  such  a  fashion  as  to  ensure  that  the 
maximum  gas  pressure  is  not  too  high  and  the  muzzle  pressure  as  low  as  possible. 
Combustion  should  have  finished  before  the  bullet  leaves  the  muzzle.  In  addition, 
it  is  generally  desirable  for  muzzle  velocity  to  be  as  high  as  possible.  This  means 
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Fig.  2-46.  Typical 
curves  of  gas  pressure  (1): 

a.  Over  time.  Curve  2 
shows  the  distance 
travelled  by  the  bullet. 

b.  Over  distance.  Curve  2 
shows  the  bullet 
velocity. 

The  kink  in  the  curves 
corresponds  to  the  point  at 
which  combustion  ends. 


that  a  short  barrel  and  a  light  bullet  require  degressive  powder,  whereas  a  long 
barrel  and  a  heavy  bullet  require  progressive  powder. 

Heavy  bullets  accelerate  more  slowly,  which  means  that  the  gas  volume  initially  rises  slowly.  If 
large  amounts  of  gas  are  produced  at  the  beginning  of  the  process,  maximum  pressures  will  be 
high.  In  the  case  of  lighter  bullets,  the  volume  available  to  the  gas  will  increase  rapidly,  which 
means  that  large  quantities  of  gas  are  required  at  an  early  stage.  If  the  barrel  is  longer,  the  bullet 
will  remain  in  it  for  longer.  This  allows  the  production  of  gas  to  be  delayed  somewhat  by  compari¬ 
son  with  short-barrelled  weapons. 


2.3.2.4  Interior  ballistics  calculations 

Despite  the  exceptional  complexity  of  interior  ballistics  processes,  mathematical 
models  can  be  used  to  calculate  the  relevant  physical  data  (maximum  pressure, 
barrel  pressure  as  the  bullet  passes  through  the  muzzle,  muzzle  velocity,  time 
from  primer  firing  to  muzzle  exit,  etc.)  to  a  sufficient  degree  of  precision.  These 
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calculations  are  based  on  the  thermodynamic  model  of  interior  ballistics,  which  in 
turn  is  based  on  the  basic  laws  of  physics  (conservation  of  energy  and  equations 
of  motion)  and  on  the  law  of  powder  combustion  (see  2. 3. 2. 2). 

Factors  of  relevance  to  forensics  and  wound  ballistics  include  the  drop  in  muz¬ 
zle  velocity  and  increase  in  muzzle  pressure  that  occur  when  a  barrel  is  shortened, 
as  sometimes  happens  (see  for  instance  Grosse  Perdekamp  et  al.  2006). 

2. 3.2. 5  Energy  balance 

From  an  energy  point  of  view,  firearms  are  heat  engines  with  a  surprisingly  high 
degree  of  efficiency:  30-40  %.  The  following  types  of  energy  are  involved: 

Kinetic  energy 

-  The  bullet’s  flight  energy  and  energy  of  rotation 

-  The  energy  of  motion  of  the  gases 

-  The  recoil  energy  of  the  weapon 
Thermal  energy’ 

-  The  heat  transferred  to  the  cartridge  case  and  the  weapon  on  firing 

-  Friction  between  the  bullet  and  the  bore 

-  The  internal  energy  of  the  gases 

Please  see  Table  2-1 1  for  an  example  of  the  approximate  percentages  of  each  type 
of  energy  in  the  case  of  a  308  Win.  (7.62  mm  NATO)  cartridge. 

2.3.3  Muzzle  phenomena 
2.3.3. 1  Muzzle  gas  flow 

Gases  already  escape  from  the  muzzle  before  the  bullet  leaves  the  barrel.  These 
consist  in  part  of  the  air  column  pushed  out  of  the  barrel  by  the  bullet  and  in  part 


Table  2-11.  Energy  balance.  7.62 

mm  NATO  (308  Win.) 

Vo  =  830  m/s,  m  =  9.5 

g,  mc  =  3  g,  Oex  =  3200 

J/fi 

Form  of  energy 

[J] 

[%] 

Translational  energy  of  the  bullet 

3270 

34 

Rotational  energy  of  the  bullet 

9 

- 

Kinetic  energy  of  the  gases 

1640 

17 

Recoil  energy  of  the  weapon 

13 

- 

Thermal  energy  of  the  weapon 

approx.  1150 

12 

Residual  energy 

approx.  3520 

37 

Total 

9600 

100 
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Fig.  2-47.  Shadowgraph  image  of  a  bullet  leaving  a  barrel  (exposure  time  approx.  1  ps).  The 
bullet  has  just  left  the  muzzle  and  the  combustion  gases  are  flowing  over  it  from  behind.  The  dark 
lines  are  shock  waves,  which  are  perceived  as  muzzle  blast. 

of  combustion  gases  that  escape  past  the  bullet  and  overtake  it,  as  the  bullet  does 
not  make  a  complete  seal  with  the  bore. 

After  the  bullet  has  left  the  barrel,  the  gases  are  still  under  considerable  pres¬ 
sure  (several  hundred  bar;  see  Table  2-12).  They  expand,  accelerating  rapidly. 
Their  velocity  then  exceeds  that  of  the  bullet  and  they  flow  past  and  around  it.  The 
flow  surrounding  the  bullet  is  not  symmetrical,  so  in  addition  to  imparting  some 
slight  additional  acceleration  to  the  bullet,  the  flow  subjects  it  to  irregular  lateral 
forces,  causing  it  to  oscillate  about  its  centre  of  gravity.  This  effect  is  particularly 
marked  in  the  case  of  long  bullets  and  those  with  a  long  boattail.  After  a  few  tens 
of  centimetres  the  gases  have  slowed  to  the  point  at  which  the  bullet  overtakes 
them  again.  Fig.  2-47  shows  a  shadowgraph  of  a  pistol  muzzle  just  after  a  bullet 
has  left  it. 

The  information  in  2.1.5  makes  it  possible  to  make  a  rough  calculation  of  the 
exhaust  velocity  and  energy  of  the  combustion  gases,  if  required. 


2.3.3.2  Flash 

In  addition  to  gases,  flash  is  visible  at  the  muzzle.  This  comes  from  two  sources. 
In  the  case  of  a  short-barrelled  weapon,  the  bullet  often  leaves  the  barrel  before 
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Table  2-12.  Typical  gas  pressures  at  the  muzzle 


Calibre 

Barrel  length 
[mm] 

V 

[m/s] 

Muzzle  pressure 
[bar] 

9  mm  Luger 

120 

350 

155 

38  Special 

51 

230 

365 

38  Special 

102 

265 

160 

44  Rem.  Mag. 

102 

410 

615 

44  Rem.  Mag. 

152 

440 

350 

5.56  x  45  mm  (223  Rem.) 

450 

960 

660 

7.62  x  51  mm  (308  Win.) 

500 

830 

470 

the  gas  has  finished  burning,  and  the  burning  powder  carried  by  the  gases  causes 
primary  flash.  Additionally,  the  gases  following  the  bullet  can  ignite  on  contact 
with  the  oxygen  contained  in  the  air.  This  is  known  as  secondary  flash  and  always 
occurs  a  short  distance  in  front  of  the  muzzle. 

2.3.4  Exterior  ballistics 
2.3. 4.1  General;  terms  used 

Terminal  ballistics  -  and  especially  wound  ballistics  -  is  determined  to  a  large 
extent  by  the  state  of  movement  and  orientation  of  the  bullet  at  the  time  of  impact. 
The  bullet’s  state  of  movement  is  defined  by  its  impact  velocity  and  the  speed  at 
which  it  is  rotating  about  its  longitudinal  and  lateral  axes.  Its  orientation  is  defined 
by  its  angle  of  attack  and  its  angle  of  incidence. 

The  angle  of  attack  is  the  angle  between  the  direction  in  which  the  bullet’s 
centre  of  gravity  is  moving  and  the  target  surface.  The  angle  of  incidence  is  the 
angle  between  the  direction  of  movement  and  the  axis  of  the  bullet  (see  Fig.  2-48). 

However,  these  values  are  not  immediately  accessible.  They  must  be  calculated 
from  the  basic  ballistic  data  for  the  bullet  in  question  (mass,  moments  of  inertia 
and  form  factors)  and  the  weapon  (muzzle  velocity  and  twist  length)  for  the  dis¬ 
tance  between  the  weapon  and  the  target.  Simple  mathematical  models  allow  us  to 
calculate  both  the  impact  velocity  and  the  angle  of  attack.  Speed  of  rotation  and 


Fig.  2-48.  Angle  of 
incidence  and  angle  of 
attack  I :  Direction  of  flight. 
2:  Axis  of  bullet.  \|/:  Angle 
of  incidence.  8:  Angle  of 
attack. 
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Fig.  2-49.  Acceleration  acting 
on  a  bullet: 

a:  Due  to  air  resistance, 
g:  Due  to  gravity. 


angle  of  incidence  cannot  readily  be  determined,  which  means  that  we  must  often 
manage  without  these  values. 

2.3. 4. 2  Exterior  ballistics  calculations 

In  order  to  calculate  the  change  in  velocity  and  the  trajectory  from  the  initial  val¬ 
ues,  we  treat  the  bullet  as  a  point  mass.  The  motion  of  the  bullet  is  determined 
entirely  by  three  forces:  air  resistance  (drag)  and  weight  (see  Fig.  2-49),  plus  a 
lateral  force  component.  Drag  acts  in  the  opposite  direction  to  the  motion  of  the 
bullet  and  hence  also  in  the  opposition  direction  to  the  bullet’s  velocity.  The  angle 
between  the  horizontal  and  the  direction  of  flight  is  the  trajectory  angle,  9.  From 
Fig.  2-49  and  2. 1.3.6,  we  obtain  the  following  formulas  for  acceleration  (one  for¬ 
mula  for  each  of  the  three  axes): 


(2.3:2a) 

_  FW  .  Vx 

vx  ’  ? 

[m/s2] 

m  v 

(2.3:2b) 

Fw  Vy 

Vy  =  -a  -  g  = - g  , 

[m/s2] 

m  v 

(2.3:2c) 

Fw  vz 

vz  =  -az+  ad  = - ^  +  ad  , 

m  v 

[m/s2] 

where  Fw  is  the  air  resistance  (or  drag),  calculated  according  to  Eqn  2.1 :64a  and  ad 
is  the  possible  lateral  acceleration. 

What  is  not  immediately  apparent  from  Equations  2.3 :2a-c  is  the  effect  of 
height  y.  The  resistance  of  the  air  Fw  is  directly  related  to  air  density  and  indi¬ 
rectly  to  temperature,  both  of  which  change  with  height  (p  =  p(y)).  The  effect  of 
height  means  that  the  system  of  equations  to  determine  change  in  velocity  cannot 
be  solved  analytically;  they  can  only  be  solved  numerically,  step  by  step.  This 
requires  computer  software. 1  If  we  ignore  height  (which  is  legitimate  in  the  case 
of  flat-trajectory  weapons)  then  we  can  derive  approximation  equations  from 


e.  g.  k-ballistics-Software  4,  see  Annex  A.8. 
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Equations  2.3:2a-c  that  allow  us  to  calculate  trajectory  data  directly  (K/NEUBUEHL 
1998b). 

The  question  is  therefore  under  which  conditions  we  need  to  carry  out  exterior 
ballistics  calculations  for  forensic  investigations.  The  first  question  is  whether  we 
are  trying  to  calculate  point  of  impact,  speed  or  energy.  At  short  ranges  (up  to 
about  10  m),  we  can  treat  the  trajectory  of  bullets  with  velocities  in  excess  of 
200  m/s  as  straight  without  introducing  major  errors.  For  light  bullets,  however, 
we  will  need  to  calculate  the  velocity  even  at  this  range. 

A  light,  solid  bullet,  such  as  the  9  mm  Luger  THV  (see  Fig.  2-15  c)  loses  approximately  70  m/s  of 
its  velocity  (approx.  90  J  of  its  energy)  in  the  first  10  m.  Light,  fast-moving  fragments  can  lose  up 
to  80  m/s  per  metre  at  the  start  of  their  trajectory. 

Such  calculations  become  essential  if  we  are  attempting  to  identify  the  origins  of 
stray  rounds,  which  may  involve  reconstructing  trajectories  of  hundreds  of  metres 
or  even  a  number  of  kilometres.  Ballistics  tables  are  useful  in  making  first  ap¬ 
proximations,  but  they  take  no  account  of  meteorological  conditions. 

2. 3. 4. 3  Ballistics  tables 

The  exterior  ballistics  data  of  bullets  are  presented  in  the  form  of  ballistics  tables. 
These  tables  show  the  relevant  ballistic  characteristics  (see  Fig.  2-50)  as  a  func¬ 
tion  of  distance,  the  values  being  calculated  using  software  of  the  type  mentioned 
in  2. 3. 4. 2.  Annex  A. 8  contains  ballistics  tables  for  the  most  common  types  of 
bullet,  compiled  under  International  Standard  Atmosphere  (ICAO-Atmosphere) 
sea  level  conditions  (air  density  p=  1.225  kg/m3)  with  a  10  m/s  crosswind.  As 
there  is  a  linear  relationship  between  lateral  deflection  and  wind  velocity,  it  is  a 
simple  matter  to  calculate  deflections  for  other  wind  velocities. 

2.3.4.4  Proper  motion  of  a  bullet 

Wound  ballistics  is  influenced  not  only  by  impact  speed  and  energy  but  also  by 
the  proper  motion  of  the  bullet.  Proper  motion  includes  the  speed  at  which  the 
bullet  rotates  about  its  longitudinal  axis  (which  determines  stability),  the  angle  of 


Fig.  2-50.  Trajectory  data  used  in  ballistics  tables:  x  =  range,  as  =  angle  of  shot,  ad  =  angle 
of  descent,  xs  =  vertex  distance,  ys  =  vertex  height. 
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Fig.  2-51.  Proper  movement  of  a  spin-stabilized  bullet:  1:  Direction  of  flight.  2:  Axis  of  bullet. 
t|/:  Angle  of  incidence.  The  axis  of  the  bullet  rotates  about  the  direction  of  flight  (precession)  and 
the  angle  of  incidence  varies  between  a  minimum  and  a  maximum  (nutation).  If  the  bullet  is 
spinning  clockwise  the  movement  is  to  the  right.  If  it  is  spinning  anti-clockwise,  the  movement  is 
to  the  left. 

incidence  (see  Fig.  2-48)  and  the  pitch  speed  (the  speed  at  which  the  bullet  oscil¬ 
lates  about  a  lateral  axis). 

A  bullet  fired  from  a  rifled  barrel  rotates  about  its  longitudinal  axis  at  high 
speed.  In  terms  of  physics,  the  bullet  behaves  as  a  gyroscope,  in  that  under  the 
influence  of  a  constant  external  torque  (due  to  drag  acting  upon  it  at  a  point  other 
than  its  centre  of  gravity)  it  undergoes  precession.  This  means  that  the  axis  of  the 
bullet  describes  a  cone,  of  which  the  point  lies  at  the  tip  of  the  bullet  and  of  which 
the  axis  coincides  with  the  bullet’s  direction  of  flight.  If  the  bullet  is  disturbed 
briefly  (e.g.  by  the  combustion  gases  as  it  passes  through  the  muzzle,  or  by  con¬ 
tact  with  a  fixed  object)  a  further  movement  occurs,  known  as  nutation,  which  is 
superimposed  upon  precession  and  generally  decays  slowly  (see  Fig.  2-51).  The 
bullet  therefore  moves  about  its  centre  of  gravity  throughout  its  flight. 

2.3. 4. 5  Disturbances  to  the  trajectory 

Wind.  A  sidewind  causes  lateral  deflection,  of  which  the  magnitude  is  propor¬ 
tional  to  the  wind  velocity  vw  and  the  time  of  flight.  Precise  calculations  are  pos¬ 
sible  if  we  substitute  the  relative  velocity  (v  -  vw)  for  the  bullet  velocity  in  the 
differential  equations  for  ballistics. 

Rain.  Rain  has  two  effects  on  the  trajectory.  First,  passing  through  a  raindrop 
slows  the  bullet  and  hence  increases  the  time  of  flight.  Second,  the  moment  ac¬ 
quired  from  the  raindrop  deflects  the  bullet  downwards,  albeit  slightly.  At  long 
ranges,  these  two  effects  will  cause  the  point  of  impact  to  be  perceptibly  lower. 
Nutation  will  not  increase  significantly,  as  the  mass  of  a  raindrop  is  much  smaller 
than  that  of  a  bullet. 
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Impacts.  If  a  spin-stabilized  bullet  encounters  an  obstruction  on  its  trajectory,  it 
will  be  subjected  to  a  moment  and  a  torque.  The  moment  will  modify  the  bullet’s 
speed  and  direction.  The  torque  will  modify  the  magnitude  of  the  bullet’s  torque 
(thereby  altering  its  angular  velocity)  and  the  direction  in  which  the  torque  acts, 
such  that  it  no  longer  coincides  with  the  axis  of  rotation.  The  bullet  will  react  by 
undergoing  nutation  (see  Fig.  2-51),  with  the  axis  of  rotation  describing  a  cone 
around  the  direction  of  torque.  The  accompanying  increase  in  aerodynamic  forces 
and  moments  acting  on  the  bullet  causes  its  precession  to  become  more  marked, 
increasing  the  angle  of  incidence  and,  in  many  cases,  causing  it  to  tumble  (“key¬ 
hole”)  (Kneubuehl  1999c). 

2.3.5  Stability  and  tractability 
2. 3. 5. 1  Definition  of  stability 

Non-ballisticians  often  misunderstand  stability  as  it  applies  to  wound  ballistics, 
there  being  a  tendency  to  describe  as  “unstable”  a  bullet  that  is  merely  exhibiting 
the  usual  phenomena  of  precession  and  nutation  (oscillation).  At  the  same  time, 
stability  is  one  of  the  factors  with  the  greatest  influence  on  the  wounding  potential 
of  a  bullet,  so  it  is  worth  looking  at  the  topic  in  more  detail. 

Generally  speaking,  every  physical  system  has  a  normal  rest  position.  This 
state  of  repose  corresponds  to  a  particular  equilibrium  of  forces,  and  the  system 
will  remain  in  this  condition  unless  that  equilibrium  is  disturbed.  If  an  outside 
force  acts  on  the  system,  causing  movement,  the  system  can  react  in  three  differ¬ 
ent  ways: 

-  If  the  induced  motion  becomes  less  pronounced  with  time,  the  system  is  said 
to  be  stable.  In  such  a  case,  there  will  be  an  opposing  force  (generally  in¬ 
duced  by  the  outside  force). 

-  If  the  movement  becomes  more  pronounced  with  time,  the  system  is  said  to 
be  unstable.  In  such  cases  forces  are  often  present  that  amplify  the  distur¬ 
bance. 

-  If  the  movement  continues,  becoming  neither  more  nor  less  pronounced 
with  time,  the  system  is  said  to  be  neutral.  When  the  source  of  the  distur¬ 
bance  is  removed,  the  system  enters  a  new  state  of  repose. 

These  three  cases  can  be  illustrated  by  a  ball.  In  the  first  case,  it  lies  on  the  con- 


Fig.  2-52.  The  behaviour  of  a  ball 
when  subjected  to  a  small  deflection 
on  different  surfaces  illustrates  the 
difference  between  stability  and 
instability. 
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Air  drag 


Direction  of  motion 


Fig.  2-53.  The  position  of  the  centre 
of  pressure  (L)  and  centre  of  gravity 
(S)  of  a  spin-stabilized  bullet.  Air 
drag  causes  the  bullet  to  rotate  about 
its  centre  of  gravity. 


cave  side  of  a  hemisphere,  in  the  second  case  on  the  convex  side  of  a  hemisphere 
and  in  the  third  case  on  a  plane  surface  (see  Fig.  2-52). 

The  state  of  repose  for  a  bullet  in  flight  is  that  in  which  its  longitudinal  axis 
coincides  with  the  direction  of  flight  (the  tangent  to  the  trajectory).  The  centre  of 
pressure  (the  point  on  the  bullet  on  which  air  pressure  is  acting)  always  lies 
somewhere  between  the  centre  of  gravity  and  the  tip  of  the  bullet.  As  a  result,  a 
torque  (or  overturning  moment)  acts  on  the  bullet,  turning  its  axis  away  from  the 
rest  position  (see  Fig.  2-53).  The  angle  between  the  direction  of  flight  and  the  axis 
of  the  bullet  is  the  angle  of  incidence. 

It  is  only  possible  to  achieve  stable  flight  -  i.e.  a  situation  in  which  the  angle  of 
incidence  becomes  smaller  as  the  bullet  progresses  -  if  the  overturning  moment  is 
counteracted  by  a  stabilizing  moment.  There  are  two  quite  different  ways  of  gen¬ 
erating  this  stabilizing  moment: 

-  Cause  the  bullet  to  rotate  about  its  longitudinal  axis  at  high  speed,  creating  a 
gyroscope.  The  gyrostatic  moment  will  then  stabilize  the  bullet. 

-  Design  the  bullet  in  such  a  way  that  air  pressure  has  a  stabilizing  effect  on 
it. 

To  look  at  stability  in  more  detail,  we  shall  study  spin-stabilized  and  non-spin- 
stabilized  projectiles  separately. 

2. 3. 5. 2  Spin-stabilized  projectiles 

As  soon  as  it  enters  free  flight,  a  spinning  projectile  behaves  like  a  heavy  spinning 
top.  Its  proper  motion  is  centred  on  its  centre  of  gravity,  which  can  be  compared 
to  the  centre  of  rotation  of  a  top  (see  Fig.  2-54).  Air  pressure  induces  a  torque 
(overturning  moment)  about  the  centre  of  gravity,  which  is  analogous  to  the 
weight  of  a  spinning  top  inducing  a  moment  about  its  centre  of  rotation. 

If  the  angular  velocity  is  high  (as  is  the  case  for  a  spin-stabilized  bullet),  the  di¬ 
rection  of  the  torque  more  or  less  coincides  with  the  axis  of  the  projectile.  The 
direction  of  change  in  torque  is  the  same  as  the  direction  of  the  moment,  which  is 
to  say  perpendicular  both  to  air  pressure  and  to  the  axis  of  the  projectile  (see 
2. 1.3. 4).  The  torque  (and  hence  the  axis  of  the  projectile)  therefore  describes  a 
circle  about  the  direction  of  flight  -  the  phenomenon  of  precession  mentioned 
earlier.  This  stabilizing  gyrostatic  moment  prevents  the  axis  of  the  projectile  from 
tipping. 
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Fig.  2-54.  Analogy  between  a 
spinning  top  and  a  bullet  in  free 
flight. 

S:  Centre  of  gravity, 

D:  Centre  of  rotation  of  the  top, 
L:  Centre  of  pressure. 


A  spin-stabilized  projectile  is  said  to  be  stable  if  the  ratio  of  the  stabilizing 
gyrostatic  moment  Ms  to  the  moment  of  the  air  pressure  (the  overturning  moment) 
Ml  is  greater  than  1 : 

(2.3:3)  s  =  ^  >  1,  [-] 

Ml 

where  s  is  the  gyroscopic  stability’  number  of  the  bullet.  Equation  2.3.3  is  an  es¬ 
sential  precondition  for  stable  flight;  it  ensures  that  the  angle  of  incidence  does 
not  increase  during  flight.  In  practice,  values  of  s  of  between  1.3  and  1.6  are  con¬ 
sidered  desirable,  depending  on  whether  the  bullet  is  intended  for  flat  or  steep 
trajectories. 

The  angle  of  incidence  will  only  decrease  during  flight  if  the  Molitz  stability 
equation  is  also  fulfilled  (see  Kneubuehl  1982). 

Spin-stabilized  bullets  execute  a  decaying  precession  motion,  on  which  nuta¬ 
tion  is  superimposed  in  most  cases  as  a  result  of  disturbances  (see  Fig.  2-51).  At 
close  range,  this  can  have  a  major  influence  on  the  behaviour  of  the  bullet  as  it 
enters  the  body. 

Under  normal  circumstances,  the  angle  of  incidence  due  to  precession  and  nu¬ 
tation  may  amount  to  several  degrees  just  after  the  bullet  leaves  the  muzzle.  The 
nutation  component  falls  almost  to  zero  during  the  first  100  m.  From  that  point  on, 
the  angle  of  incidence  is  almost  equal  to  the  precession  angle,  which  is  determined 
by  air  pressure.  This  angle  becomes  smaller  during  flight,  as  air  pressure  reduces 
with  speed.  As  the  bullet’s  speed  of  rotation  (and  hence  the  stabilizing  gyroscopic 
force)  only  decreases  slightly,  the  gyroscopic  stability  of  the  bullet  increases  with 
distance  from  the  muzzle.  The  bullet  therefore  becomes  increasingly  stable  along 
its  trajectory.  Experiments  with  soap  blocks  confirm  this  in  qualitative  terms,  as 
the  length  of  the  narrow  channel  increases  with  distance  from  the  muzzle  (see 
Fig.  3-23). 

There  are  exceptions  to  this  rule,  however.  As  the  speed  of  the  bullet  decreases,  the  airflow  around 
it  alters.  The  centre  of  pressure  moves  towards  the  tip,  increasing  the  overturning  moment.  In  most 
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cases,  this  effect  is  negligible  by  comparison  with  the  increase  in  gyroscopic  stability.  However, 
the  overturning  moment  of  certain  bullets  increases  markedly  around  Mach  0.9  (approx.  300  m/s) 
due  to  the  way  they  are  affected  by  flow.  It  is  perfectly  possible  for  such  bullets  to  become  unsta¬ 
ble  after  several  hundred  metres  of  stable  flight. 

Bullets  that  become  unstable  as  a  result  of  striking  an  object  (e.g.  ricochets)  only 
remain  unstable  for  a  few  hundred  metres.  The  angular  momentum  is  altered  by 
the  impact  and  then  remains  virtually  constant  at  its  new  value,  allowing  stable 
gyroscopic  motion  to  resume  after  a  certain  time.  It  is  possible  that  the  bullet, 
while  stable,  will  continue  its  flight  tail-first. 

2. 3. 5. 3  Projectiles  stabilized  by  air  forces 

If  a  projectile  is  fired  with  little  or  no  spin,  the  stabilizing  moment  must  be  pro¬ 
vided  by  air  force.  In  such  cases,  the  relative  positions  of  the  centre  of  pressure 
(L)  and  centre  of  gravity  (S)  play  a  decisive  role.  If  L  lies  in  front  of  S,  the  mo¬ 
ment  produced  will  destabilize  the  projectile,  as  we  have  already  seen  in  the  sec¬ 
tion  on  spin-stabilized  bullets.  However,  if  L  lies  behind  S,  the  air  pressure  has  a 
stabilizing  effect  (this  is  the  principle  by  which  a  weathervane  operates:  see 
Fig.  2-55).  Stabilizing  a  projectile  without  using  spin  therefore  involves  designing 
it  in  such  a  way  as  to  place  the  centre  of  pressure  behind  the  centre  of  gravity. 
This  can  be  achieved  as  follows: 

-  By  so  distributing  the  mass  as  to  move  the  centre  of  gravity  forward  (arrow 
stabilization,  see  Fig.  2-56  a). 

-  By  applying  drag  to  the  tail,  thereby  moving  the  centre  of  pressure  towards 
the  rear.  This  can  be  achieved  in  either  of  two  ways: 

•  by  increasing  the  lift  force  at  the  tail  (fin  stabilization,  see  Fig.  2-56  b); 

•  by  increasing  the  drag  at  the  tail  (drag  stabilization,  see  Fig.  2-56  c). 

Fin  stabilization  is  the  most  widely-used  method,  and  the  easiest  to  control  from  a 
technical  point  of  view.  This  technique  has  been  introduced  for  small  arms  am¬ 
munition  in  recent  years,  in  the  form  of  flechettes. 

2.3. 5.4  Shoulder  stabilization 

Another  type  of  stabilization  comes  into  play  in  the  case  of  projectiles  with  a  lar¬ 
ger  frontal  surface  area,  regardless  of  whether  the  projectile  is  spinning  or  not.  At 


Fig.  2-56.  Stabilizing  a  projectile  without  the  use  of  spin:  a.  Arrow  stabilization,  b.  Fin 
stabilization,  c.  Drag  stabilization. 
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Fig.  2-57.  Shoulder  stabilization,  a.  The  resultant  of  the  asymmetric  distribution  of  pressure 
on  the  face  of  the  projectile  generates  a  stabilizing  moment,  b.  At  larger  angles  of  incidence, 
this  moment  has  a  destabilizing  effect  (S  =  centre  of  gravity). 

small  angles  of  incidence,  the  asymmetric  distribution  of  pressure  on  the  face  of 
the  projectile  due  to  stagnation  pressure  generates  a  stabilizing  moment  (see  Fig. 
2-57  a).  Normally,  the  flow  separates  on  the  edge  of  the  face.  As  a  result,  there  are 
no  compressive  forces  acting  on  the  rest  of  the  bullet.  At  larger  angles  of  inci¬ 
dence  this  moment  has  a  destabilizing  effect  (see  Fig.  2-57  b),  with  the  angle  of 
transition  depending  on  the  diameter  of  the  face  and  its  distance  from  the  centre  of 
gravity.  This  type  of  stabilization  plays  an  important  role  in  the  behaviour  of  a 
bullet  in  a  dense  medium,  as  stagnation  pressure,  and  hence  the  stabilizing  mo¬ 
ment,  can  be  fairly  large.  This  provides  a  plausible  explanation  for  many  phenom¬ 
ena. 


2.3. 5. 5  Tractability 


The  question  of  overstabilization  of  rifle  bullets  is  frequently  raised  in  wound  bal¬ 
listics.  It  is  often  claimed  that  the  axis  of  a  bullet  with  a  high  stability  number 
does  not  follow  the  tangent  to  the  trajectory  and  therefore  presents  a  higher  angle 
of  incidence  on  the  descending  branch  of  the  trajectory. 

In  stability  theory,  the  ability  of  a  bullet  to  keep  its  axis  aligned  with  the  tan¬ 
gent  to  the  trajectory  is  known  as  tractability. 


Drag  moment  causes  the  axis  of  the  bullet  to  describe  a  cone  around  the  tangent  to  the  trajectory 
(precession,  see  2. 3. 5.2).  If  the  direction  of  the  tangent  to  the  trajectory  only  changes  slowly,  and  if 
the  angular  momentum  is  not  too  great,  the  axis  of  the  bullet  will  follow  the  tangent  to  the  trajec¬ 
tory. 


The  more  tractable  a  bullet,  the  smaller  the  angle  between  the  tangent  to  the  tra¬ 
jectory  and  the  axis  of  the  bullet  at  all  points  along  the  trajectory.  This  is  the  case 
if  the  change  in  the  angle  of  precession  is  at  all  times  greater  than  the  change  in 
the  trajectory  angle,  i.e.  if: 


(2.3:4) 


d\|//dt 

d0/dt 


>  1  , 


[-] 


where  f  is  the  tractability  number. 

It  is  therefore  clear  (and  can  of  course  be  proved  mathematically)  that  tracta¬ 
bility  is  inversely  proportional  to  stability.  Excessive  stability  can  therefore  lead  to 


80  2  Basics 


Table  2-13.  Extract  from  ballistics  table,  showing  stability  and  tractability  numbers. 

Full  metal-jacketed  bullet,  7.62  mm  NATO,  mass:  9.5  g,  v0:  830  m/s 


X 

[m] 

V 

[m/s] 

CD 

[rad/s] 

s 

[-] 

f 

H 

0 

830 

2729 

1.37 

34021 

50 

791 

2711 

1.49 

29649 

100 

754 

2692 

1.62 

25837 

150 

718 

2673 

1.76 

22485 

200 

683 

2654 

1.92 

19519 

250 

649 

2634 

2.09 

16883 

300 

616 

2614 

2.29 

14538 

tractability  problems.  Having  said  that,  critical  values  only  arise  in  the  vicinity  of 
the  apex  of  a  steep  trajectory.  The  velocity  of  the  projectile  is  low  at  that  point 
(often  less  than  100  m/s)  and  it  is  therefore  extremely  stable.  At  the  same  time,  the 
trajectory  angle  is  changing  rapidly,  and  the  tractability  number  becomes  small. 
Trajectory  calculations  that  include  stability  and  tractability  reveal  that  critical 
values  only  arise  if  the  projectile  is  fired  at  an  elevation  of  more  than  70°. 

These  calculations  are  confirmed  by  a  forensic  case  of  which  the  author  has  direct  experience.  A 
man  fired  a  rifle  into  the  air  at  an  outdoor  event  and  a  girl  was  hit  by  the  falling  bullet  1.4  km  away 
(angle  of  attack  approx.  85°).  The  bullet  entered  tip  first,  causing  a  wound  of  which  the  severity 
was  such  that  it  could  only  have  been  caused  by  a  bullet  in  stable  flight.  As  the  man  came  forward 
it  was  possible  to  fully  reconstruct  the  trajectory,  knowing  his  position  at  the  time,  that  of  the  vic¬ 
tim  and  the  meteorological  conditions  obtaining.  The  bullet  was  fired  at  an  angle  of  69.2°  and 
reached  a  vertex  height  of  approx.  1.8  km. 

In  the  case  of  a  weapon  with  a  flat  trajectory,  the  bullet  is  always  tractable.  There 
is  no  possibility  of  overstabilization  leading  to  tractability  problems  (i.e.  of  f  ap¬ 
proaching  1).  See  data  in  Table  2-13. 

2.3.5. 6  Stability  and  ricochets 

Only  by  carrying  out  complex  calculations  is  it  possible  to  say  how  large  an  im¬ 
pact  a  bullet  can  undergo  and  still  be  able  to  recover  stability  in  the  sense  de¬ 
scribed  in  2. 3. 5.1. 

Many  years  of  experience  indicate,  however,  that  normal  bullets  become  un¬ 
stable  if  the  angle  of  incidence  exceeds  approximately  15°. 

The  exact  angle  naturally  depends  on  the  design  of  the  bullet,  and  the  speed  of  rotation  will  be  an 
important  factor.  The  figure  of  15°  assumes  a  normal  design  of  bullet  and  a  gyroscopic  stability 
number  of  between  1.5  and  2. 

For  a  first  approximation,  however,  we  can  assume  that  the  angle  of  incidence 
immediately  after  the  impact  is  equal  to  the  nutation  angle  and  ignore  the  preces¬ 
sion  component.  Under  these  assumptions,  we  can  establish  a  relationship  be- 
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Fig.  2-58.  Relationship 
between  angle  of  attack  and 
nutation  angle  (it  being  assumed 
that  the  angle  of  incidence  after 
impact  is  very  similar  to  the 
nutation  angle).  1:  9  mm  Luger 
FMJ  RN,  2:  7.62  mm  NATO 
FMJ  spitzer,  with  twist  length  of 
305  mm,  3:  7.62  mm  NATO 
FMJ  spitzer,  with  twist  length  of 
203  mm. 


tween  the  angle  of  impact  and  the  angle  of  incidence  immediately  after  the  im¬ 
pact,  taking  into  account  bullet  geometry  and  angular  velocity  (Kneubuehl 
1999c).  This  approach  has  been  used  to  calculate  the  relationship  between  angle 
of  attack  and  nutation  angle  for  a  handgun  bullet  (9  mm  Luger  FMJ  RN)  and  a 
rifle  bullet  (7.62  mm  NATO).  The  results  correspond  closely  to  those  observed  in 
practice.  See  Fig.  2-58. 

From  the  graph,  we  can  see  that  the  9  mm  Luger  bullet  can  resume  stable  flight 
after  impact  if  the  angle  of  attack  does  not  exceed  approx.  2.5°.  A  7.62  mm  bullet 
will  fail  to  recover  stability  even  at  an  angle  of  attack  of  less  than  1°.  It  is  inter¬ 
esting  to  note  the  influence  of  rotation  speed  in  the  case  of  the  rifle  bullet;  the 
higher  rotation  speed  (weapon  with  a  twist  length  of  203  mm  as  opposed  to 
305  mm)  delays  the  onset  of  destabilization  considerably. 


2.3.6  Fragment  ballistics 
2.3.6.1  Acceleration  of  fragments 

Fragments  are  generally  accelerated  using  explosives.  Their  initial  velocity  (and 
hence  their  initial  energy)  therefore  depends  on  the  efficiency  with  which  the  en¬ 
ergy  in  the  explosive  is  utilized. 

Fragments  may  also  be  created  when  a  bullet  chips  pieces  out  of  a  hard  mate¬ 
rial  or  when  the  bullet  itself  breaks  up.  In  such  cases  the  fragments  acquire  most 
of  their  energy  from  a  transfer  of  momentum. 

The  initial  velocity  of  a  fragment  accelerated  by  an  explosive  can  be  calculated 
fairly  accurately  if  the  geometry  of  the  casing  and  the  explosive  are  known.  This 
velocity  is  calculated  using  the  Gurney  formula,  which  uses  an  explosive  con¬ 
stant  and  the  ratio  of  the  mass  of  explosive  to  the  mass  of  fragmentation  material 
(see  Kneubuehl  1999b  for  a  comprehensive  description  of  the  derivation  and  use 
of  this  formula): 


82  2  Basics 


where  Gk  is  the  GURNEY  constant  (see  Table  2-14),  mt-  is  the  mass  of  the  fragments  accelerated  me 
is  the  mass  of  the  explosive  and  Cg  is  a  form  factor  (see  Table  2-15). 

Fragments  with  a  significant  effect  on  the  human  body  have  a  mass  of  between  a 
few  hundredths  of  a  gram  and  a  few  tens  of  grams.  They  may  have  an  initial  ve¬ 
locity  of  over  2000  m/s,  and  their  energy  may  therefore  range  from  less  than  1  J  to 
60  J. 

In  terms  of  shape,  fragments  can  be  divided  into  two  basic  categories: 

-  Natural  fragments  are  created  on  detonation  by  the  destruction  of  the  body 
of  the  projectile.  They  generally  consist  of  steel.  Copper,  aluminium  or 
plastic  fragments  may  also  be  present,  depending  on  the  device. 

-  Prefabricated  fragments  are  embedded  in  a  base  material.  Such  fragments 
are  generally  spherical  or  cuboid,  and  are  usually  made  of  steel  or  tungsten. 


2.3.6. 2  Exterior  ballistics  of  fragments 

In  forensics,  we  are  usually  dealing  with  fragments  that  cover  short  distances,  e.g. 
fragments  from  a  hand-grenade  in  a  pub  or  a  bomb  in  a  department  store.  As  the 
initial  velocity  of  the  fragment  is  generally  high,  it  has  a  short  flight  time  and 
loses  little  height.  It  is  therefore  reasonable  to  assume  the  trajectory  of  a  fragment 
to  be  a  straight  line  in  such  cases. 

For  instance,  a  small  cuboid  fragment  with  a  mass  of  0.1  g  and  an  initial  velocity  of  1000  m/s  loses 
only  1 0  mm  in  height  under  the  influence  of  gravity  over  a  distance  of  25  m. 

For  greater  distances,  such  as  those  involved  when  calculating  danger  zones  on 
shooting  ranges,  assessing  hazards  and  reconstructing  incidents  (e.g.  car  bombs), 
it  will  be  necessary  to  calculate  the  trajectory  using  the  equations  of  motion  (see 
2. 3. 4.2),  as  the  trajectory  of  a  fragment  will  be  markedly  asymmetrical  over 
longer  distances,  with  the  apex  situated  well  after  the  half-way  point. 


Table  2-14.  Gurney  constant  GK  for  a  num-  Table  2-15.  Constant  CG  for  the  Gur- 

ber  of  common  explosives  ney  formula 


Explosive 

Density 

Gk 

Shape  of  fragment 

CG 

[kg/m3] 

[m/s] 

Sphere 

3/5 

Hexogen  (RDX) 

1.77 

2830 

Cylinder 

v2 

Octogen  (HMX) 

1.89 

2970 

Symmetrical  sandwich 

v3 

Trinitrotoluene  (TNT) 

1.63 

2370 

Black  powder* 

1.30 

950 

Used  as  an  explosive 
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A  fragment  will  hardly  ever  maintain  its  initial  orientation  all  the  way  to  the  target.  It  is  reasonable 
to  suppose  that  the  lines  of  the  accelerating  forces  will  not  pass  through  its  centre  of  gravity.  The 
fragment  therefore  undergoes  torque,  causing  it  to  rotate  about  an  axis,  and  this  axis  will  generally 
not  be  fixed.  In  calculating  the  sectional  density,  we  generally  take  the  mean  face  area  of  the  frag¬ 
ment  which,  in  the  case  of  a  convex  shape,  corresponds  to  lA  of  the  total  surface. 

We  use  the  drag  coefficient  for  either  a  sphere,  a  cube  or  a  cylinder,  depending  on  the  shape  of 
the  fragment.  Selecting  the  appropriate  form  does  require  a  certain  amount  of  experience. 

There  is  a  tendency  to  grossly  underestimate  the  deceleration  that  a  fragment  un¬ 
dergoes  along  its  trajectory.  As  a  rule  of  thumb,  one  can  say  that  a  0.1  g  cuboid 
fragment  loses  about  V20  of  its  velocity  per  metre  and  a  1  g  fragment  approxi¬ 
mately  V40. 

2.3.7  Terminal  ballistics  models 

2.3. 7.1  General 

From  a  physical  point  of  view,  an  impact  between  a  bullet  and  a  solid  (or  liquid) 
object  is  a  highly  complex  process.  It  takes  place  over  a  very  short  timespan  and 
involves  large  forces  and  pressures.  As  deformation  of  the  bullet  and  of  the  target 
will  inevitably  occur,  the  dynamic  characteristics  of  the  materials  will  play  an 
important  role. 

The  behaviour  of  a  material  under  large  loads  of  short  duration  differs  from  that  of  the  same  mate¬ 
rial  under  static  or  quasistatic  loading.  Materials  are  often  stronger  under  dynamic  load. 

A  number  of  penetration  models  have  been  developed  on  the  basis  of  observation 
and  experience,  of  which  two  are  quite  useful  in  understanding  the  processes  as¬ 
sociated  with  handgun  and  rifle  bullets. 

2.3. 7. 2  The  plugging  model 

The  plugging  model  is  useful  in  the  case  of  thin  layers  of  material  where  the  bullet 
removes  material  as  it  passes  through  but  causes  little  deformation.  Here,  it  is  as¬ 
sumed  that  the  bullet  removes  a  disc  or  plug  from  a  sheet  of  the  material. 

The  shear  work  can  be  derived  from  the  shear  stress  and  the  area  involved,  and 
equated  to  the  energy  used  by  the  bullet,  Es.  We  obtain  the  following  equation: 

(2.3:6)  Es  =  Cs-k-D2  ,  [J] 

where  k  is  the  calibre,  D  the  thickness  of  the  plate  and  Cs  a  material-specific  shear  constant. 

Rearranging  and  extending  Eqn  2.3:6,  we  obtain  an  equation  for  the  thickness 
penetrated  as  a  function  of  energy  density  E': 

(2.3:7)  D  =  — — —  J  E'  ■  k  .  [m] 

4-Cs  V 
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The  thickness  penetrated  is  therefore  proportional  to  the  square  root  of  energy 
density  times  calibre.  For  a  given  energy  density  and  bullet  design,  a  larger-cali- 
bre  bullet  has  better  penetration  characteristics. 


2.3.7. 3  The  displacement  model  (ductile  failure) 

If  the  target  is  capable  of  undergoing  deformation,  it  is  reasonable  to  assume  that 
the  bullet  will  displace  material  as  it  passes  through.  According  Martel's  theory, 
the  volume  displaced  will  be  proportional  to  the  energy  used,  Ey. 

The  validity  of  this  rule  can  be  demonstrated  easily  and  accurately  by  empirical  means  for  materi¬ 
als  capable  of  undergoing  plastic  deformation  (plasticine,  soap,  etc.). 

If  the  target  is  in  the  form  of  a  sheet,  one  can  assume  as  a  first  approximation  that 
the  volume  displaced  will  correspond  to  the  volume  of  the  hole  created  by  the 
bullet: 


(2.3:8)  E  v  =  Cv-^k2-D  =  CVAD, 


[J] 


where  k  is  the  calibre,  D  the  thickness  of  the  plate,  Cv  a  proportionality  factor 
associated  with  the  material  and  A  the  cross-sectional  area  of  the  bullet. 

If  we  divide  Eqn  2.3:8  by  the  calibre  cross-sectional  area,  we  obtain  the  rela¬ 
tionship  between  thickness  penetrated  and  energy  density: 


(2.3:9) 


D 


1  Ev 
Cv  '  A 


1  q-  v2 


[m] 


It  is  interesting  to  note  that  the  thickness  penetrated  depends  not  on  the  calibre  of 
the  bullet  but  on  its  sectional  density,  q. 

The  displacement  model  is  valid  for  most  materials  that  are  capable  of  defor¬ 
mation.  In  practice,  we  see  that  the  direct  relationship  between  energy  density  and 
penetration  capacity  holds  good  for  bullets  that  behave  in  a  similar  manner  in  the 
target  material. 


2.3.7. 4  Bullet  passing  through  a  thin  layer  of  material 

When  a  bullet  passes  through  a  hard  material,  especially  in  the  form  of  a  thin 
sheet,  something  surprising  often  occurs.  Let  us  say  that  a  sheet  of  a  material  just 
stops  a  bullet  with  impact  energy  Egr.  At  a  slightly  higher  impact  energy  Ea  the 
bullet  passes  through  the  sheet.  The  residual  energy  behind  the  sheet  is  Erst.  The 
energy  E<jS  required  to  perforate  the  sheet  is  therefore: 

(2.3:10)  Eds  =  Ea  -  Erst  ,  [J] 

and,  surprisingly, 
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(2.3:11)  Eds  <  Egr  .  [J] 

In  other  words,  the  sheet  absorbs  less  energy  when  the  bullet  passes  through  than 
when  it  remains  in  the  sheet.  This  behaviour  can  be  explained  as  follows:  when 
the  bullet  passes  through  the  sheet,  a  rupture  line  forms  around  the  channel  cre¬ 
ated  by  the  bullet,  preventing  further  energy  being  transferred  from  the  bullet  to 
the  sheet.  As  a  result,  the  bullet  retains  more  residual  energy.  The  faster  the  rup¬ 
ture  line  forms,  the  less  energy  the  sheet  is  able  to  absorb.  This  is  indeed  what 
happens.  Increasing  the  impact  energy  reduces  the  energy  required  for  the  bullet 
to  pass  through  the  material. 


3  General  wound  ballistics 

B.  P.  Kneubuehl 


3.1  Introduction 

3.1.1  General 

Wound  ballistics  is  the  sub-domain  of  terminal  ballistics  that  addresses  the  be¬ 
haviour  and  effects  of  a  bullet  in  a  person  or  an  animal. 

In  this  book,  we  shall  divide  wound  ballistics  into  three  areas:  handgun  bullets, 
bullets  from  long  weapons  and  fragments.  The  logic  behind  this  is  that  there  are 
fundamental  differences  between  the  three  types  of  projectile  in  terms  of  form, 
structure  and  energy.  These  differences  affect  their  behaviour  in  the  target  and  the 
formation  of  the  wound  channel. 

The  determining  factor  is  not  the  weapon,  but  the  ammunition.  For  instance,  a  22  L.R.  is  classed  as 
a  handgun  cartridge,  even  when  fired  from  a  rifle,  because  of  its  form  and  the  energy  it  carries. 
Conversely,  a  223  Rem.  remains  a  rifle  cartridge,  even  when  fired  from  a  Contender  pistol. 

The  most  significant  factors  with  regard  to  rifle  bullets  are  the  temporary  cavity 
and  the  effect  it  has  on  the  body.  Rifle  bullets  carry  some  1500  to  4500  J  of  en¬ 
ergy  -  more  than  enough  to  cause  serious,  life-threatening  injury. 

Handgun  bullets  are  generally  more  compact  (no  more  than  two  calibres  long) 
and  carry  significantly  less  energy  (250  to  750  J).  However,  the  most  powerful  of 
handgun  bullets  deliver  more  energy  than  the  least  powerful  rifle  bullets  -  a 
454  Casull  handgun  round  delivers  2500  J,  while  a  222  Rem.  rifle  bullet  carries 
only  1200  J,  for  instance.  Handgun  ammunition  with  high  energy  levels  is  ex¬ 
tremely  rare,  however. 

Fragments  behave  very  differently  to  bullets  in  the  body.  Bullets  in  unstable 
flight,  and  those  with  a  large  angle  of  incidence,  behave  in  a  manner  similar  to 
fragments.  We  shall  therefore  discuss  such  projectiles  in  a  separate  section. 

Wound  ballistics  is  first  and  foremost  an  empirical  science,  based  on  experi¬ 
ence  and  experiment.  Knowledge  is  acquired  by  conducting  test  firings,  observing 
the  results  and  formulating  explanations.  Naturally,  one  also  attempts  to  model  the 
experimental  results  using  mathematics  and  physics,  in  order  to  derive  quantita¬ 
tive  rules  and  make  predictions. 

Section  3.3  discusses  the  materials  used  for  simulation  shots.  These  materials 
must  reproduce  as  closely  as  possible  the  behaviour  of  biological  tissue  subjected 
to  bullet  wounds.  Section  3.4  examines  other  ways  of  simulating  bullet  wounds. 


B.  P.  Kneubuehl  (Ed.)  et  al.,  Wound  Ballistics,  DOl  10.1007/978-3-642-20356-5_3, 
©  Springer- Verlag  Berlin  Heidelberg  2011 
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3.1 .2  The  history  of  wound  ballistics 

In  the  present  context,  we  can  only  consider  the  history  of  wound  ballistics  in  the 
narrower  sense.  The  development  of  techniques  for  treating  bullet  wounds  (i.e. 
war  surgery)  lies  outside  the  scope  of  the  present  book,  if  only  for  reasons  of 
space.  Not  surprisingly,  however,  military  surgeons  were  the  first  to  examine  the 
effects  of  bullets.  They  were  effectively  studying  wound  ballistics,  even  when  the 
term  did  not  exist. 

There  were  (and  still  are)  two  main  reasons  for  studying  wound  ballistics.  On 
the  one  hand  there  were  the  doctors,  who  studied  the  effects  of  bullets  in  order  to 
develop  improved  methods  of  treatment  and  -  at  another  level  -  to  warn  the 
armed  forces  against  producing  bullets  of  which  the  effects  would  contravene  the 
principle  of  proportionality.  On  the  other  hand,  there  were  the  armed  forces,  who 
observed  the  effects  of  bullets  and  wished  to  achieve  maximum  effect  with  mini¬ 
mum  (technical)  effort. 

As  early  as  1830,  DUPUYTREN  and  his  students  (cited  in  BlRCHER  1896)  con¬ 
ducted  experiments  using  cloth,  wood  and  cadavers,  comparing  the  results  with 
observations  from  the  field. 

Later,  the  main  point  of  interest  was  the  effect  on  men  and  horses  of  the  lead 
balls  in  use  at  the  time,  horses  being  the  soldier’s  constant  companion  on  the  bat¬ 
tlefield,  either  as  a  mount  or  as  a  means  of  moving  artillery.  Lead  balls  of  various 
calibres  were  fired  from  rifles  or  projected  in  the  form  of  shrapnel  shells,  which 
carried  a  large  number  of  balls  and  ejected  them  on  detonation.  The  shrapnel  shell 
was  invented  by  Lieutenant  (later  Major-General)  SHRAPNEL  of  the  British  Army 
from  1784  onwards.  The  world’s  armies  wanted  to  know  the  energy  such  balls 
required  in  order  to  achieve  a  given  effect. 

In  the  second  half  of  the  1 9th  Century,  all  armies  used  solid  lead  round-nosed 
bullets  weighing  between  20  and  25  g,  with  initial  velocities  of  400  to  450  m/s. 
Examples  include  the  Vetterli  rifle  in  Switzerland  and  Italy,  the  Springfield  45-70 
in  the  USA,  the  Chassepot  in  France  and  the  Dreyse  needle  gun  in  Germany. 

At  the  time,  there  were  three  main  theories  explaining  the  effects  of  solid  lead 
bullets: 

-  partial  melting  of  the  bullet  on  impact; 

-  centrifugal  force  on  tissue  due  to  the  rotation  of  the  bullet; 

-  hydraulic  pressure. 

BUSCH  in  Bonn  (1873,  cited  in  Kocher)  was  the  first  to  show  that  a  bullet  fired  at 
short  range  by  a  Chassepot  rifle  did  not  leave  a  clean  hole  but  rather  had  a  “sub¬ 
stantial  crushing  effect”  on,  for  instance,  the  epiphyses  (ends)  of  the  large  hollow 
bones.  He  ascribed  this  effect  to  molten  lead  particles  “spraying”  on  impact  due  to 
the  sudden  transfer  of  so  much  energy.  In  a  later  work  (BUSCH  1874)  the  author 
concluded  on  the  basis  of  his  experiments  that,  particularly  in  the  case  of  a  shot  to 
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the  skull  or  a  diaphysis  (the  middle  section  of  a  hollow  bone)  the  hydraulic  pres¬ 
sure  generated  by  the  bullet  must  also  play  a  significant  role.  This  conclusion  was 
prompted  by  the  difference  between  the  effect  on  an  empty  skull  and  that  on  a 
skull  filled  with  brain.  The  ejection  of  particles  from  the  entry  wound  was  also 
interpreted  as  being  the  effect  of  hydraulic  pressure. 

The  funnel-shaped  defects  pointing  towards  the  exit  wound,  observed  in  the 
liver,  muscle,  etc.,  were  explained  as  being  due  to  the  rotation  of  the  bullet  about 
its  longitudinal  axis  dragging  the  surrounding  tissue  with  it  in  a  circular  move¬ 
ment,  the  resulting  centrifugal  force  widening  the  wound  channel. 

It  was  at  this  stage  of  research  into  the  effects  of  bullets  that  Kocher  (1841- 
1917)  arrived  on  the  scene.  He  laid  the  foundations  for  studying  the  effects  of 
bullets  on  the  body  in  a  scientific  manner.  His  publications  in  this  field  appeared 
between  1874  and  1895. 

In  1909,  he  became  the  first  surgeon  to  win  the  Nobel  Prize  for  Medicine,  for  his  work  in  the  fields 
of  thyroid  physiology  and  surgery. 

After  conducting  numerous  experiments,  and  having  calculations  carried  out  by 
physicists  and  mathematicians,  he  concluded  that  neither  partial  melting  of  the 
bullet  nor  centrifugal  force  could  have  a  significant  effect  on  tissue,  and  that  hy¬ 
draulic  pressure  was  the  decisive  factor. 

For  instance,  Kocher  had  physicist  Forster  calculate  the  velocity  (and  hence 
the  energy)  that  a  lead  ball  would  need  in  order  for  the  sudden  impact  to  generate 
sufficient  heat  to  just  bring  the  entire  mass  of  lead  to  melting  point  (i.e.  to  raise 
the  temperature  from  15  °C  to  326  °C).  The  answer  was  353  m/s.  Kocher  ac¬ 
knowledged  that  some  of  the  lead  could  melt  on  impact  with  a  bone,  but  stated 
that  this  was  impossible  when  a  bullet  passed  through  soft  tissue.  He  was  also  the 
first  to  use  soap  and  gelatine  for  modelling  purposes.  Because  of  the  mushroom¬ 
ing  observed  in  the  lead  bullets  then  in  use  (a  phenomenon  that  others  had  already 
noted)  he  called  for  harder,  non-deformable  bullets  to  be  used,  as  he  had  realized 
that  mushrooming  produced  larger  wounds.  As  a  result,  the  Swiss  federal  muni¬ 
tions  factory  in  Thun,  under  the  leadership  of  Rubin,  began  to  produce  a  full 
metal-jacketed  bullet  in  1880.  The  new  bullet  formed  part  of  a  cartridge,  the  other 
half  being  a  newly  patented  bottleneck  cartridge  case. 

Kocher  must  take  most  of  the  credit  for  the  introduction  of  this  jacketed  bullet,  as  it  was  he  who 
persuaded  Rubin  to  start  producing  it  (see  Fig.  3-1). 

By  the  beginning  of  the  20th  Century,  the  armies  of  all  the  major  States  had  intro¬ 
duced  this  type  of  bullet. 

Kocher  also  recommended  a  reduction  in  calibre,  to  minimize  hydraulic  pres¬ 
sure,  and  an  increase  in  rotation  speed,  to  increase  stability. 

His  three-part  work  “On  the  explosive  effect  of  modern  small-calibre  bullets”  closes  with  the  fol¬ 
lowing,  somewhat  gloomy  comment: 

“The  only  way  to  keep  hydraulic  pressure  as  low  as  possible  is  to  keep  the  size  of  the  bullet  to 
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Fig.  3-1.  Prof.  Kocher  (seated, 
wearing  a  black  hat)  during  firing  tests 
at  the  Swiss  federal  munitions  factory, 
Thun. 


a  minimum,  as  it  is  patently  impossible  to  alter  the  fluid  content  of  the  human  body  (*)  and  the 
armed  forces  will  scarcely  be  willing  to  forego  the  propulsive  force  of  the  newer  weapons.  Even 
with  the  smallest  of  bullets,  there  will  be  enough  of  those  extensive  destructions  of  bone  that  are 
the  chief  aim  wherever  differences  are  settled  by  force  of  arms. 

(*)  Although  an  empty  stomach  is  still  to  be  recommended.  ” 

The  footnote  refers  to  the  practice  of  soldiers  at  the  front,  who  avoided  eating  and  drinking  before 
an  attack  so  as  to  facilitate  treatment  in  the  event  of  a  stomach  wound. 

In  1896,  Swiss  Army  doctor  H.  BlRCHER  published  a  paper  entitled  “New  studies 
on  the  effects  of  handguns,”  together  with  an  atlas  (which  is  still  worth  consult¬ 
ing)  containing  over  40  illustrations  of  bullet  deformation  and  of  bullet  wounds  to 
various  organs.  Please  see  Fig.  3-2  for  a  small  selection  of  these  illustrations. 
Some  ten  years  earlier,  there  had  been  a  significant  change  in  the  field  of  ammu¬ 
nition;  jacketed  bullets  had  replaced  solid  lead,  calibres  had  decreased  and  veloci¬ 
ties  had  increased.  The  view  at  the  time  was  that  preventing  mushrooming  by  us¬ 
ing  full  metal-jacketed  bullets,  together  with  a  decrease  in  calibre,  would  reduce 
the  destructive  effect  of  bullets  on  the  human  body  and  render  them  more  “hu¬ 
mane,”  insofar  as  one  can  ever  use  this  term  in  connection  with  bullets.  The  par¬ 
ticipants  at  a  medical  conference  in  Rome  were  therefore  astonished  to  hear  Prus¬ 
sian  army  doctor  VON  COLER  put  forward  a  totally  contradictory  view.  On  the  ba¬ 
sis  of  numerous  experiments,  he  maintained  that  the  “reputation  of  this  new,  hu¬ 
mane  bullet  has  been  forever  destroyed.”  BlRCHER  and  his  team  undertook  nu¬ 
merous  experiments  in  an  attempt  to  resolve  the  differences  between  the  view¬ 
points. 

The  results  of  these  experiments  -  including  shots  fired  into  tin  cans  with  a 
range  of  different  contents  -  are  shown  in  very  revealing  drawings,  which  are  in¬ 
cluded  in  the  atlas  mentioned  above. 

Naturally,  discussion  of  the  effects  of  the  “old”  and  “new”  types  of  ammuni¬ 
tion  form  a  large  part  of  his  book.  In  particular,  the  author  points  out  the  explosive 
effect  of  the  new  bullets  -  the  result  of  hydraulic  pressure.  Two  years  later,  US 
Army  doctor  WOODRUFF  published  a  paper  on  the  explosive  effect  of  modern 
small-calibre  ammunition.  This  author  likewise  worked  with  physicists  and  math¬ 
ematicians  to  conduct  a  theoretical  analysis  of  the  phenomena.  In  his  paper,  Wood- 
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lebendige  Kraft  des  Ceschosses.  im  u<takabu0 


I.  Flugbabn,  Cesch windigkeit  und 


II.  Dmselznog  der  lebendigen  Kraft 

a)  WJrme«ntwlcklung. 
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RUFF  used  five  images  to  present  the  formation  of  the  temporary  cavity,  albeit 
without  using  that  term.  His  pictures  would  not  be  out  of  place  in  a  modern  book 
on  the  subject.  The  only  mistake  is  that  the  bullet  is  represented  as  continuing  in 
stable  flight  after  passing  through  the  target.  The  author  fired  bullets  through 
empty  tomato  tins  and  tins  filled  with  water,  dry  sand  and  damp  sand.  He  also 
used  the  bladders  of  recently  slaughtered  cattle  (empty,  half-full  and  full). 

The  soldiers  who  fired  at  the  bladders  reported  seeing  them  swell  up  briefly  before  collapsing. 

Simpson  (1868,  cited  in  Journee  1907)  observed  the  following:  a  bullet  (of 
unspecified  calibre)  that  penetrated  a  piece  of  wood  (fir)  to  a  depth  of  0.8  cm 
caused  slight  bruising  to  the  skin  of  a  horse.  A  bullet  that  penetrated  to  a  depth  of 

1.5  cm  caused  a  substantial  wound,  without  disabling  the  horse,  and  a  bullet  that 
penetrated  to  a  depth  of  3.0  cm  caused  a  very  dangerous  wound.  JOURNEE  pointed 
out,  quite  rightly,  that  the  characteristics  of  the  projectile  (ball/bullet,  calibre)  are 
not  specified.  Nevertheless,  Simpson’s  experiments  appear  to  be  the  first  pub¬ 
lished  wound  ballistics  experiments. 

Quesnay  (1875)  writes  in  his  book  that  a  ball  that  penetrates  fir  by  8  mm 
causes  a  “simple  bruise,”  whereas  a  ball  that  penetrates  to  twice  that  depth  causes 
a  dangerous  wound.  Here  again,  there  is  no  mention  of  calibre. 

Around  1900,  experiments  in  Germany  showed  that  lead  balls  with  a  mass  of 

12.5  g,  travelling  at  112  m/s  (energy  approx.  80  J)  could  cause  serious  injuries. 
Rohne  (1906)  and  Pangher  (1909)  also  published  on  this  subject. 

The  work  by  JOURNEE  (1907)  was  among  the  most  significant  of  the  early 
1900s,  covering  the  effects  of  lead  balls,  rifle  bullets  and  shrapnel  balls. 

The  publications  cited  above  focused  on  the  relationship  between  penetration 
depth  and  the  damage  that  a  projectile  causes  to  skin,  muscle  and  bone,  and  the 
relationship  between  penetration  depth  and  calibre,  mass  and  velocity.  The  work 
of  Lagarde  (discussed  in  detail  in  Hatcher  (1935))  looked  at  the  effect  on  the 
person,  and  more  particularly  at  the  question  of  how  handgun  bullets  should  be 
designed  in  order  to  be  as  effective  as  possible.  In  other  words,  what  bullet  char¬ 
acteristics  yielded  maximum  “stopping  power.” 

At  the  turn  of  the  century,  the  US  armed  forces  were  using  a  38  revolver  that 
fired  38  Long  Colt  cartridges  (bullet  data:  m  =  10  g,  v  =  230  m/s,  E  =  260  J).  Be¬ 
cause  of  the  cartridge’s  unsatisfactory  performance  in  a  number  of  theatres  (in¬ 
cluding  the  Philippines),  the  US  War  Department  set  up  a  commission  in  1904 
tasked  with  choosing  the  most  effective  cartridge/handgun  combination  from 
among  those  available  at  the  time. 

The  task  was  given  to  Colonel  Lagarde,  assisted  by  Colonel  THOMPSON  (in¬ 
ventor  of  the  eponymous  sub-machine  gun).  Firing  was  conducted  at  close  range 
(approx.  1  m)  using  the  then  common  cartridges  listed  in  Table  3-1.  The  targets 
consisted  of  10  human  cadavers,  16  live  oxen  and  2  horses.  Longer  ranges  (ap¬ 
prox.  35  m  and  70  m)  were  simulated  by  reducing  the  propellant  loads. 
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Table  3-1.  Weapons  used  by  LAGARDE  for  his  experiments  (from  HATCHER,  1935) 


Weapon 

Cal. 

Bullet 

Mass 

[g] 

Vo 

[m/s] 

Energy 

[J] 

I 

[Ns] 

7.65  mm  Luger  pistol 

Jacketed 

6.0 

425 

552 

2.55 

9  mm  Luger  pistol 

Jacketed 

8.0 

315 

400 

2.52 

Colt  Army  revolver 

38 

Solid  lead 

9.6 

230 

254 

2.21 

Colt  automatic  pistol 

38 

Jacketed 

8.4 

332 

471 

2.79 

Colt  New  Service  Revolver 

45 

Solid  lead 

16.1 

216 

383 

3.48 

Colt  New  Service  Revolver 

45 

Hollow-point 

14.2 

210 

318 

2.98 

Colt  New  Service  Revolver 

455 

Man  Stopper 

14.1 

240 

383 

3.38 

Colt  New  Service  Revolver 

476 

Solid  lead 

18.6 

220 

452 

4.09 

Cal.:  nominal  calibre,  v0:  Muzzle  velocity,  I:  Momentum. 


The  cadavers  were  suspended  by  the  neck,  and  the  experiment  consisted  of 
measuring  the  displacement  (which  LAGARDE  termed  the  “shock”)  when  the  ca¬ 
daver  was  struck  by  a  bullet. 

In  physics  tenns,  what  he  measured  was  the  momentum  of  the  bullet.  The  cadaver  effectively 
formed  a  ballistic  pendulum,  of  which  the  displacement  was  proportional  to  the  momentum  of  the 
bullet.  If  the  bullet  passed  through  the  cadaver,  the  displacement  was  proportional  to  the  momen¬ 
tum  transferred  to  the  pendulum. 

The  live  animals  were  shot  in  an  abattoir  and  the  effects  of  the  various  bullets 
were  observed.  LAGARDE  concluded  that  the  476  bullet  was  the  most  effective. 
Given  the  way  the  experiment  was  set  up,  this  was  the  obvious  conclusion,  as  that 
bullet  had  the  greatest  momentum. 


3.1.3  Basic  relationships 

The  kinetic  energy  of  the  bullet  on  impact  with  a  body,  E,  is  of  fundamental  im¬ 
portance  in  wound  ballistics.  This  kinetic  energy  is  the  sole  source  of  energy  for 
the  destruction  of  tissue.  However,  it  is  not  the  total  energy  of  the  bullet  that  is  de¬ 
cisive,  but  rather  the  energy  transferred  as  the  bullet  passes  through  a  medium. 
We  shall  label  the  energy  transferred  Eab  (also  measured  in  Joule).  If  we  relate  the 
transferred  energy  to  the  distance  penetrated,  s  (the  gradient  of  the  distance/energy 
function),  we  obtain  the  key  parameter  for  determining  wounding  potential,  E'ab. 
This  parameter  is  the  local  energy  transfer,  and  is  generally  measured  in  J/cm. 

If  one  assumes  (as  is  generally  the  case  today)  that  the  deceleration  of  the  bul¬ 
let  in  a  dense  medium  (simulant,  muscle,  most  organs)  is  proportional  to  the 
square  of  its  velocity  (the  same  law  of  deceleration  as  for  air),  then  we  can  derive 
the  following  equation  for  wounding  potential  E'ab: 

(3.1:1)  E'b  =  -2-5R-E  .  [J/m] 
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E'ab  is  therefore  proportional  to  the  instantaneous  energy  of  the  bullet  and  to  its 
retardation  coefficient  55.  For  a  given  value  of  instantaneous  energy,  it  is  therefore 
5?  that  determines  the  amount  of  energy  transferred.  This  means  that  bullets  with 
the  same  energy,  but  different  values  of  55,  transfer  different  amounts  of  energy. 
Or,  to  put  it  differently,  the  energy  transferred  by  a  bullet  per  unit  distance  is  de¬ 
termined  solely  by  the  retardation  coefficient  times  energy  (iR-E),  not  by  the  en¬ 
ergy  itself.  5?  is  given  by: 

(3.1:2)  5?  =  y • CD -p • —  =  y • CD  p •—  ,  [1/m] 

m  "  q 

where  A  is  the  surface  area  of  the  bullet  in  contact  with  the  medium,  p  is  the  den¬ 
sity  of  the  medium,  Cd  is  a  form-dependent  drag  factor  and  q  is  the  corresponding 
sectional  density.  It  therefore  follows  that  this  parameter  influences  the  amount  of 
energy  transferred.  If  we  assume  that  p  and  the  drag  coefficient  Cd  remain  con¬ 
stant,  then  from  Equations  3.1:1  and  3.1:2  we  obtain  the  following: 

(3.1:3)  E'ab  oc  -  .  [J/m] 

q 

Energy  transfer  per  unit  distance  is  hence  directly  proportional  to  the  instantane¬ 
ous  energy  of  the  bullet  and  inversely  proportional  to  its  sectional  density. 

The  value  of  A  is  at  its  smallest  when  the  bullet  is  in  stable  flight,  tip  first.  As 
the  bullet  begins  to  yaw,  i.e.  as  the  direction  of  flight  and  the  longitudinal  axis  of 
the  bullet  begin  to  form  an  angle  \|/,  the  sectional  density  q  decreases  (because  the 
surface  exposed  to  flow  increases)  and  E'ab  increases,  in  accordance  with 
Eqn.  3.1:3.  The  increase  in  energy  transferred  resulting  from  yaw  (up  to  and  in¬ 
cluding  the  point  at  which  the  longitudinal  axis  of  the  bullet  becomes  perpen¬ 
dicular  to  its  direction  of  flight)  can  be  considerable.  The  range  of  values  for  E'ab 
is  particularly  wide  in  the  case  of  rifle  bullets,  as  they  have  a  large  longitudinal 
cross-sectional  area  (in  one  plane  of  their  axis)  in  comparison  with  their  frontal 
area.  Flandgun  bullets  are  no  more  than  twice  as  long  as  their  own  calibre,  and  the 
effect  of  yaw  is  considerably  less  significant. 

The  sectional  density  also  has  a  major  influence  on  penetration  depth  t,  i.e.  the 
total  length  of  the  wound  channel.  As  for  Eqn  2.3:9,  we  can  derive  the  following 
equation  (£  <=>  D): 

(3.1:4)  l  oc  q  •  v2  .  [m] 

Penetration  depth  is  hence  directly  proportional  to  sectional  density  and  inversely 
proportional  to  energy  transfer. 
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3.2  Processes  in  the  wound  channel;  the  temporary  cavity 

3.2.1  Preliminary  remarks 

3. 2.1.1  The  concept  of  the  “temporary  cavity” 

The  temporary’  cavity  is  the  most  important  concept  in  the  wound  ballistics  of 
higher-velocity  bullets.  Almost  all  biological  phenomena  can  be  traced  back  to  the 
temporary  cavity.  In  the  case  of  living  beings,  it  would  be  more  accurate  to  speak 
of  a  “temporary  wound  cavity,”  as  the  creation  of  the  temporary  cavity  creates  a 
wound.  The  word  “temporary”  emphasizes  that  this  cavity  exists  only  briefly  after 
the  bullet  passes  through,  except  when  using  certain  types  of  simulant. 

The  process  of  forming  a  temporary  cavity  is  sometimes  compared  -  wrongly  -  with  that  of  cavi¬ 
tation.  Cavitation  bubbles  appear  on  bodies  that  move  through  a  fluid  at  a  velocity  sufficiently 
high  for  the  critical  pressure  to  drop  below  the  vapour  pressure  (Bernoulli’s  equation,  see  2. 1.4.4). 
When  these  bubbles  burst,  smooth  surfaces  (such  as  those  of  a  ship’s  screw)  may  suffer  erosion 
due  to  the  energy  released.  WOODRUFF  (1898)  was  the  first  doctor  to  use  the  term  “cavitation”  in 
connection  with  wound  ballistics. 

The  temporary  cavity  in  the  wound  channel  is  created  as  the  medium  flows  away 
from  the  contact  surface.  At  the  same  time,  the  medium  is  accelerated  radially 
away  from  the  channel  (see  Fig.  3-3)  and  undergoes  deformation  -  elastic,  plastic 
or  both,  depending  on  the  medium.  This  creates  a  space  behind  the  bullet  and,  ini¬ 
tially,  a  vacuum.  The  vacuum  and  the  elastic  energy  stored  in  the  medium  then 
cause  the  temporary  cavity  to  collapse,  which  is  indeed  comparable  with  the 
bursting  of  a  cavitation  bubble. 

3.2.1. 2  Different  ways  of  looking  at  wounding 

The  processes  involved  in  the  formation  of  a  bullet  wound  can  be  seen  from  two 
points  of  view,  depending  on  whether  the  problem  is  surgical  or  physical/ forensic. 
The  two  aspects  can  be  distinguished  by  the  questions  associated  with  each: 

-  What  happens  when  a  bullet  enters  the  body  (of  an  animal  or  a  human  be- 


Fig.  3-3.  Rifle  bullet  (7.62  x  39)  passing  through 
gelatine.  The  photo  clearly  shows  the  medium  flow¬ 
ing  away  from  the  bullet  at  the  meridian  line  in  con¬ 
tact  with  it.  A  vacuum  is  forming  behind  the  bullet 
(creating  the  temporary  cavity).  Shutter  speed:  1  ps. 
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ing)  and  creates  a  wound  channel?  (“Actio,”  the  physical  ballistic  aspect). 

-  How  does  the  body  react  to  this  interaction  between  bullet  and  body? 
(“Reactio”,  the  medical/biological  aspect). 

The  two  points  of  view  are  closely  related,  making  wound  ballistics  very  much  an 
interdisciplinary  science.  They  will  play  a  significant  role  in  the  sections  that  fol¬ 
low. 

We  shall  start  by  describing  the  movement  of  a  bullet  in  a  soft,  dense  medium, 
from  a  physical  point  of  view  (3.2.2).  We  shall  then  discuss  the  temporary  cavity 
from  a  biological  point  of  view,  in  some  detail  (3.2.3),  and  will  look  at  how  it  can 
be  quantified  (3. 2. 3. 2).  The  next  step  will  be  to  examine  the  important  relationship 
between  the  size  of  the  temporary  cavity  and  the  characteristics  of  the  bullet 
(3. 2. 3. 3  and  3. 2. 3. 4).  Wounding  potential  E'ab  plays  the  primary  role  here,  as  this 
is  what  determines  the  volume  of  the  temporary  cavity  and  hence  the  severity  of 
the  damage  done  to  the  biological  structure.  Further  sections  will  deal  with  the  ef¬ 
fect  of  the  medium  on  the  bullet,  patterns  in  bullet  damage  to  bones  and  the  ques¬ 
tion  as  to  whether  bullets  are  sterile. 

3.2.1. 3  Modelling  wound  ballistics  processes 

The  interplay  between  bullet  and  medium  is  highly  complex,  and  takes  place  un¬ 
der  exceptional  physical  conditions.  For  approximately  1  ms,  decelerations  of 
over  1  million  m/s2  and  forces  of  well  over  10,000  N  are  present.  The  physical 
characteristics  of  a  material  under  such  dynamic  loads  -  especially  the  character¬ 
istics  of  biological  structures  -  are  virtually  unknown.  As  a  result,  it  would  be  dif¬ 
ficult  to  produce  a  mathematical  /  p  h  y  s  i  c  a  I  model  of  the  processes  involved,  and 
one  would  lack  confidence  in  the  results.  Conducting  experiments  is  therefore  the 
only  way  to  gain  an  understanding  of  the  wounding  process. 

If  such  experiments  are  to  produce  a  usable  physical  representation  of  real-life 
processes,  they  must  fulfill  a  number  of  conditions: 

-  The  experiments  must  be  reproducible  and  must  always  produce  the  same 
results. 

-  It  must  be  possible  to  observe  the  process. 

-  Bullet  dynamics  and  the  behaviour  of  the  medium  must  correspond  very 
closely  to  the  real-life  situation  of  a  bullet  in  biological  tissue. 

-  The  values  of  the  physical  parameters  along  the  wound  channel  (decelera¬ 
tion,  force,  penetration  depth  and  timing)  must  be  close  to  those  encountered 
in  real  life. 

Numerous  experiments  in  various  countries  have  resulted  in  the  widespread  adop¬ 
tion  of  two  materials  for  simulating  soft  tissue  in  wound  ballistics  experiments 
over  the  last  few  decades:  gelatine  and  glycerine  soap. 
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Both  consist  of  water  and  organic  matter  (fats  and  alcohol  in  the  case  of  soap 
and  proteins  in  the  case  of  gelatine)  and  are  not  homogenous.  Nevertheless,  ex¬ 
perience  has  shown  these  materials  to  possess  the  physical  characteristics  needed 
in  order  to  simulate  soft  biological  tissue,  including  the  required  flowability  under 
high  pressure.  Gelatine  is  used  in  the  majority  of  cases,  at  various  concentrations 
and  temperatures. 

In  the  past,  these  two  materials  have  been  validated  primarily  by  means  of  experiments  on  animals 
(e.g.  JANZON  1982a  for  glycerine  soap).  However,  it  is  also  possible  to  verify  the  validity  of  mod¬ 
els  for  determining  the  physical  behaviour  of  bullets  by  comparing  results  from  such  models  with 
real  bullet  wounds,  of  which  war  surgery  and  forensics  provide  all  too  many  examples.  As  a  result, 
there  is  no  need  for  experiments  on  animals  or  cadavers. 

There  is  one  fundamental  difference  between  the  two  simulants;  soap  mainly  de¬ 
forms  plastically,  whereas  gelatine  deforms  elastically.  Very  little  of  the  deforma¬ 
tion  that  a  bullet  causes  in  soap  disappears,  whereas  gelatine  returns  to  almost  the 
same  state  as  before.  This  means  that  the  temporary  cavity  is  “frozen”  into  soap 
and  can  readily  be  studied  and  analysed.  In  gelatine  the  temporary  cavity  col¬ 
lapses,  as  it  does  in  tissue. 

As  bullets  behave  in  a  very  similar  manner  in  the  two  media  (in  terms  of  ori¬ 
entation,  penetration  depth,  deformation  and  velocity),  it  seems  reasonable  to  as¬ 
sume  that  the  elasto-plastic  behaviour  of  the  two  materials  is  of  no  more  than  sec¬ 
ondary  relevance  to  the  motion  of  the  bullet.  The  motion  of  the  bullet  is  hence  de¬ 
termined  primarily  by  density,  viscosity  and  flowability,  and  these  are  similar  in 
the  two  media  and  in  muscle. 

Bone  and  other  irregularities  can  be  simulated  using  plastics,  ensuring  that  the 
physical  behaviour  of  the  bullet  is  very  similar  to  that  observed  in  real  life  (see 
3.3). 

3.2.2  Motion  and  behaviour  of  a  bullet 
3.2.2.1  Rifle  bullets 

Full  metal-jacketed  and  solid  bullets.  Full  metal-jacketed  and  solid  bullets  for 
rifles  are  generally  3  to  5  calibres  long.  If  they  hit  a  soft  medium  while  in  stable 
flight,  they  cause  a  wound  channel  that  can  be  divided  into  three  clearly-distin- 
guishable  sections.  This  behaviour  -  which  is  particularly  clear  in  soap,  as  the 
temporary  cavity  is  frozen  -  is  largely  independent  of  bullet  design. 

The  first  section  (see  Fig.  3-4)  consists  of  a  straight  entry  channel,  known  as 
the  narrow  channel,  or  NC.  At  its  narrowest  point,  the  diameter  of  this  channel 
generally  corresponds  to  approximately  1.5  to  2.5  times  the  calibre  of  the  bullet. 
The  blunter  the  bullet  and  the  higher  the  energy,  the  wider  the  narrow  channel  at 
its  narrowest  point. 
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Fig.  3-4.  Motion  of  a  non-deforming  rifle  bullet  in  gelatine  and  in  glycerine  soap  (and  also  in 

soft  tissue).  NC:  narrow  channel.  TH:  temporary  cavity  at  its  largest.  BQ:  bullet  rotating  into  a 
position  perpendicular  to  its  direction  of  travel.  (Illustration:  full  metal-jacketed  steel-core  bullet, 
7.62  mm  NATO,  shown  larger  than  actual  size.) 

The  narrow  channel  is  created  as  follows:  When  a  bullet  enters  a  soft  target 
medium,  extremely  high  pressure  is  created  at  the  tip,  owing  to  the  high  density  of 
the  medium  which,  from  the  bullet’s  point  of  view,  is  flowing  towards  it.  How¬ 
ever,  the  viscosity  and  inertia  of  the  medium  cause  the  flow  to  break  away  from 
the  surface  of  the  bullet  at  an  early  stage,  which  means  that  only  a  small  part  of 
the  bullet’s  tip  is  in  contact  with  the  medium  and  hence  exposed  to  this  pressure. 
A  large  percentage  of  the  bullet’s  surface  is  not  in  contact  with  the  medium  and  is 
hence  subjected  to  virtually  no  forces.  At  this  point,  inertia  forces  predominate, 
and  friction  can  be  ignored. 

If  the  entire  surface  of  the  bullet  were  in  contact  with  the  medium,  the  forces  acting  upon  it  would 
immediately  cause  it  to  become  unstable  and  no  narrow  channel  would  be  created. 

Because  the  surface  in  contact  with  the  medium  is  limited,  the  force  acting  upon 
the  bullet  is  comparatively  small,  and  the  contact  point  (or  pressure  point)  is  close 
to  the  tip.  The  overturning  moment,  which  is  what  causes  the  bullet  to  yaw,  de¬ 
pends  mainly  on  the  angle  of  incidence  at  the  point  of  impact.  If  the  bullet  is  in 
sufficiently  stable  flight,  the  angle  of  incidence  is  small  and  the  overturning  mo¬ 
ment  is  hence  smaller  than  the  stabilizing  gyrostatic  moment. 

The  bullet,  which  acts  like  a  gyroscope,  executes  a  precession  movement  under 
the  influence  of  this  overturning  moment  (see  2. 3. 4. 4  and  Fig.  2-51).  As  a  result, 
the  angle  of  incidence  does  not  decrease.  As  velocity  decreases,  the  surface  in 
contact  with  the  medium  increases.  This  leads  to  an  increase  in  force  and  hence  to 
an  increase  in  the  moment  applied.  As  a  result,  the  angle  of  incidence  increases 
and  causes  the  overturning  moment  to  increase  still  further.  This  positive  feedback 
rapidly  causes  the  bullet  to  yaw. 

Using  various  methods  of  recording  the  motion  of  the  bullet  in  the  medium,  it  has  been  proven  that 
at  this  point  the  angle  of  incidence  is  indeed  increasing  very  rapidly  (Aebi  et  al.  1977,  JANZON  et 
al.  1979,  WATKINS  et  al.  1982  using  x-ray  flash  photography;  FACKLER  1987b  using  high-speed 
photography;  KNEUBUEHL  and  FACKLER  1990  using  electromagnetic  induction). 

The  length  of  the  narrow  channel  hence  depends  on  the  angle  of  incidence  at  the 
point  of  impact,  on  gyroscopic  stability  and  on  the  form  of  bullet  tip. 
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Fig.  3-5.  Left: 

Force  acting  against  yaw.  FB: 
Drag.  S:  centre  of  gravity. 

Fig.  3-6.  Right: 

Lateral  force.  The  shaded 
surface  represents  the  pressure 
distribution.  FR:  Resultant 
force.  Fq:  Lateral  force. 


The  second  section  (see  Figs  3-4  and  3-8)  begins  with  the  bullet  yawing  very 
rapidly.  As  the  angle  of  incidence  increases,  the  bullet  surface  in  contact  with  the 
medium  also  increases  rapidly,  until  the  bullet  is  in  contact  with  the  medium  over 
its  entire  length.  Because  the  bullet  rotates  about  its  centre  of  gravity,  the  base  of 
the  bullet  (or  the  tip,  if  the  bullet  rotates  in  the  opposite  direction)  is  forced  into 
the  medium  at  high  speed  (see  Fig.  3-5).  The  resultant  force  is  applied  away  from 
the  centre  of  gravity,  producing  a  torque  that  tends  to  oppose  the  yaw. 

This  behaviour  is  clearly  visible  in  various  measurements  of  the  angle  of  incidence  (see  for  exam¬ 
ple  KNEUBUEHL  and  Fackler  1990). 

At  the  same  time,  the  bullet  undergoes  very  rapid  deceleration  and  the  medium 
flowing  away  from  it  forms  a  temporary  cavity.  The  bullet  is  subjected  to  bending 
and  compressive  stresses  (see  Fig.  3-6,  hatched  area),  which  can  compress  the 
bullet  or  even  cause  it  to  fracture  (see  Fig.  3-7).  When  this  happens,  lead  particles 
are  often  squeezed  out  at  the  tail  of  the  bullet  and  at  the  point  of  fracture. 

At  short  ranges  (where  the  energy  is  high  and  the  angle  of  incidence  is  relatively  large),  this  effect 
is  observed  in  many  bullets,  especially  those  of  smaller  calibre.  Bullets  with  a  soft  tombac  or  cop¬ 
per  jacket  are  especially  prone  to  this  behaviour. 

At  impact  velocities  of  less  than  600  m/s,  however,  full  metal-jacketed  bullets  undergo  virtu¬ 
ally  no  deformation. 

If  the  bullet  does  not  fragment,  and  if  it  is  perpendicular  to  its  direction  of  travel, 
the  asymmetrical  pressure  distribution  along  a  very  small  strip  along  the  jacket 
produces  a  resultant  force  Fr.  This  force  will  rarely  act  exactly  along  the  bullet’s 
line  of  movement.  As  a  result,  there  are  two  components  (see  Fig.  3-6):  one  com¬ 
ponent  acts  in  the  opposite  direction  to  that  in  which  the  bullet  is  moving  and 
slows  it  down,  while  the  other  acts  perpendicular  to  the  first  component  and  is  in 
equilibrium  with  the  friction  between  bullet  and  medium  along  the  small  strip 


Fig.  3-7.  Full  metal-jacketed  bullet  (7.62  x  51) 
after  being  fired  into  a  block  of  soap.  Part  of  the 
lead  core  was  forced  out  of  the  jacket  and  the 
bullet  has  fractured  at  the  cannelure. 
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Fig.  3-8.  Track  of  a  slender  full  metal-jacketed  bullet.  The  bullet  has  deviated  substantially 
from  its  original  path  and  has  rotated  through  more  than  270°.  5.45  x  39  (Kalashnikov),  steel  core. 
Bullet  shown  larger  than  actual  size.  See  Fig.  3-4  for  explanation  of  symbols. 


mentioned  previously.  If  lateral  force  exceeds  friction,  lateral  acceleration  will  oc¬ 
cur,  causing  the  bullet  to  depart  from  a  straight  path  (see  Figs  3-4  and  3-8). 

The  angle  between  the  bullet’s  direction  at  the  time  of  impact  and  the  direction  in  which  it  moves 
from  the  end  of  the  temporary  cavity  onwards  is  closely  related  to  the  slenderness  ratio  of  the  bul¬ 
let  (the  ratio  of  the  bullet’s  length  to  its  diameter).  For  very  slender  bullets,  this  angle  can  easily 
exceed  30°.  Short  bullets  deviate  little  from  their  initial  path. 

As  a  result  of  inertia  (the  lateral  moment  of  inertia  being  the  determining  factor), 
the  bullet  will  continue  to  yaw  beyond  the  point  at  which  it  is  perpendicular  to  its 
own  direction  of  movement,  but  will  do  so  increasingly  slowly.  This  process  can 
be  seen  as  a  kind  of  strongly  damped  oscillation,  the  damping  being  due  to  pres¬ 
sure  and  to  friction  resistance.  The  maximum  angle  through  which  the  bullet  ro¬ 
tates  depends  on  its  instantaneous  velocity  and  on  its  geometric  characteristics 
(form,  slenderness  and  moments  of  inertia).  This  angle  generally  lies  somewhere 
between  90°  and  180°,  but  may  well  exceed  270°  for  a  slender  bullet  (see  Fig.  3-8 
and  SlEGMUND  2006,  p.  60).  This  marks  the  end  of  the  second  section  of  the 
wound  channel. 

Several  authors  have  described  these  first  two  sections,  including  Aebi  et  al.  1977,  BERLIN  et  al. 
1982  and  Tikka  1982.  FACKLER  was  the  first  to  preserve  the  entire  wound  channel  in  a  simulant 
(FACKLER  and  MALINOWSKI  1985).  It  was  FACKLER  who  pointed  out  that  wound  channels  in 
gelatine  are  entirely  analogous  to  those  observed  in  soap  (Fackler  and  Malinowski  1988a). 

At  the  beginning  of  the  third  section  (see  Figs  3-4  and  3-8,  BQ)  the  bullet  yaws 


Fig.  3-9.  Stabilization  in  the 
third  section.  Every  change  in 
direction  of  rotation  produces  a 
damping  force  FD. 
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under  the  influence  of  the  damping  force  until  it  is  once  again  perpendicular  to  its 
own  direction  of  travel.  If  it  was  in  that  position  when  it  stopped  yawing,  it  re¬ 
mains  in  it.  The  bullet  then  rocks  back  and  forth  in  this  position,  with  movement 
in  any  given  direction  immediately  producing  a  damping  force  that  opposes  it  (see 
Fig.  3-9).  The  bullet  therefore  moves  through  the  medium  oriented  approximately 
perpendicular  to  its  direction  of  travel,  rocking  back  and  forth  about  its  centre  of 
gravity. 

At  the  same  time,  it  creates  a  second  temporary  cavity.  This  second  cavity  is 
considerably  smaller  than  the  first,  as  less  energy  is  available.  Because  the  veloc¬ 
ity  of  the  bullet  has  also  decreased  considerably,  the  medium  flows  closer  to  its 
surface  until,  shortly  before  it  comes  to  rest,  the  bullet  is  completely  embedded  in 
the  medium.  As  a  result,  the  remainder  of  the  wound  channel  in  soap  is  narrower 
than  the  dimensions  of  the  bullet  and  in  gelatine  (and  in  tissue)  is  often  no  longer 
visible.  The  bullet  comes  to  rest  perpendicular  to  its  direction  of  travel,  but  the 
partial  vacuum  in  the  temporary  cavity  usually  pulls  it  back  a  short  distance.  This 
final  movement  always  causes  the  bullet  to  come  to  rest  with  the  tail  forwards 
(relative  to  the  original  direction  of  travel). 

Deforming  and  fragmentation  bullets.  The  behaviour  of  deforming  and  frag¬ 
mentation  bullets  (generally  semi-jacketed  or  hollow-point  bullets)  in  a  soft  me¬ 
dium  differs  substantially  from  that  of  full  metal-jacketed  bullets  -  even  FMJ 
bullets  that  break  up  when  perpendicular  to  their  direction  of  travel.  The  main  dif¬ 
ference  is  that  the  narrow  channel  is  almost  entirely  absent;  the  temporary  cavity 
starts  immediately  after  penetration.  This  type  of  bullet  deforms  or  fragments 
2  cm  to  4  cm  after  penetrating  the  medium  (see  Fig.  3-10). 

This  has  been  demonstrated  for  various  deforming  bullets  by  BERLIN  et  al.  (1988a)  using  X-Ray 
flash  photography  and  by  KNEUBUEHL  using  high-speed  video  (up  to  4000  f/s). 

Deformation  is  extremely  rapid,  taking  place  within  approximately  0.1  ms.  The 
forces  required  to  accomplish  this  are  produced  by  the  very  high  pressure  at  the 
tip.  In  the  case  of  semi-jacketed  bullets,  this  pressure  acts  on  the  exposed  lead  at 


Fig.  3-10.  Track  of  a  deforming  bullet.  The  bullet  follows  a  straight  line  (being  shoulder- 
stabilized).  At  the  entrance  we  can  clearly  see  the  material  sucked  in  by  the  vacuum  of  the 
temporary  cavity.  When  the  bullet  strikes  the  surface,  this  material  sprays  outwards  in  a  hollow 
cone  pattern  in  the  direction  from  which  the  bullet  has  come. 
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Fig.  3-11.  Semi-jacketed  bullet,  calibre  7.62  x  51  (308  Win.) 
and  the  deformed  remains  of  the  bullet  after  being  fired  into  a 
soft  medium. 

& 

the  tip  of  the  bullet,  which  behaves  in  a  manner  similar  to  a  fluid  under  such  con¬ 
ditions,  forcing  it  into  the  interior  of  the  bullet  and  causing  it  to  burst.  In  the  case 
of  jacketed  hollow-tip  bullets,  the  medium  has  to  be  able  to  penetrate  the  hol- 
lowed-out  tip  in  order  to  burst  the  bullet.  If  the  opening  is  too  small,  a  hollow-tip 
bullet  will  behave  like  a  full  metal-jacketed  bullet. 

Deformation  causes  the  leading  surface  of  the  bullet  in  contact  with  the  me¬ 
dium  to  increase  suddenly.  Sectional  density  decreases  and  energy  transfer  in¬ 
creases  (see  Fig.  3-11). 

The  size  of  the  temporary  cavity  is  not  affected  by  whether  the  increase  in  surface  area  (and  the 
accompanying  decrease  in  sectional  density)  is  caused  by  deformation  or  by  the  bullet  yawing  so 
that  it  is  perpendicular  to  its  direction  of  movement.  The  cause  of  the  decrease  in  sectional  density 
does,  however,  have  a  decisive  effect  on  the  position  of  the  temporary  cavity  in  the  body. 

The  increase  in  the  area  of  the  leading  surface  of  the  deformed  bullet  results  in 
shoulder  stabilization,  as  described  in  2. 3. 5. 4.  As  a  result,  a  deforming  bullet  al¬ 
ways  creates  a  straight  wound  channel  in  a  homogenous  medium.  However,  the 
diameter  of  the  channel  decreases  steadily  after  attaining  its  maximum  value,  as 
the  sectional  density  remains  virtually  constant  from  that  point  on.  If  deformation 
is  asymmetrical,  or  if  the  tissue  is  not  homogenous,  the  bullet  may  deviate  sub¬ 
stantially  from  a  straight  line  towards  the  end  of  the  channel. 

Generally,  we  distinguish  between  deforming  and  fragmentation  bullets  by 
looking  at  the  mass  of  the  largest  fragment  remaining  after  impact.  Deforming 
bullets  lose  very  little  material,  so  a  deforming  bullet  that  has  been  fired  weighs 
practically  the  same  as  one  that  has  not.  By  contrast,  the  largest  fragment  of  a 
fragmentation  bullet  may  weigh  less  than  half  as  much  as  the  original  bullet.  At 
the  same  time,  the  fragments  increase  the  overall  cross-sectional  area.  These 
fragments  often  create  their  own  wound  channels,  branching  off  the  main  channel. 
Fragmentation  bullets  are  primarily  used  in  hunting  rifles.  It  is  interesting  to  note 
that  both  types  of  bullet  deform  in  a  fairly  regular  manner,  both  in  gelatine  and  in 
glycerine  soap. 

Explosive  bullets  constitute  a  particular  category  of  fragmentation  bullet.  This  type  of  bullet  con¬ 
tains  a  small  amount  of  explosive,  which  detonates  on  impact  and  causes  the  bullet  to  fragment. 
Explosive  bullets  can  be  designed  in  such  a  way  as  to  explode  only  when  they  strike  a  hard  sur¬ 
face,  behaving  like  normal  full  metal-jacketed  bullets  in  a  soft  medium. 
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Fig.  3-12.  The  wound  channel  of  a  flechette  in  soap.  Impact  velocity  approx.  1300  m/s.  Projec¬ 
tile  fired  from  left. 


Flechettes.  Little  has  so  far  been  published  concerning  the  behaviour  of  fin-stabi¬ 
lized  projectiles.  Experiments  conducted  by  the  author  (Kneubuehl  1991)  have 
shown  that  if  the  flight  of  the  flechette  is  sufficiently  stable  -  a  precondition  for 
achieving  sufficient  accuracy  -  then  stable  flight  will  continue  in  a  dense  medium. 
Only  after  penetrating  to  a  substantial  depth  (>  60  cm)  did  the  projectiles  begin  to 
yaw,  at  which  point  the  fins  were  also  ripped  off.  At  such  penetration  depths, 
temporary  cavities  were  formed  comparable  with  those  caused  by  handgun  bullets 
(see  Fig.  3-12).  In  one  case,  a  flechette  passed  right  through  aim  block  of  soap. 
In  the  meantime,  experiments  in  other  ballistic  laboratories  have  confirmed  the 
behaviour  observed  over  the  first  40  cm. 

3. 2.2.2  Handgun  bullets 

Full  metal-jacketed  and  solid  bullets.  With  a  few  exceptions,  handgun  bullets 
carry  substantially  less  energy  than  rifle  bullets  (approximately  a  quarter  or  even  a 
sixth  as  much).  As  energy  transfer  depends  on  the  total  instantaneous  energy  of 
the  bullet  (see  Eqn  3.1:1),  handgun  bullets  generally  cause  smaller  wound  chan¬ 
nels  than  rifle  bullets.  The  movement  of  such  bullets  in  a  soft,  dense  medium  is 
the  same,  as  is  their  behaviour.  However,  some  special  points  are  worth  to  be 
noted. 

For  a  variety  of  technical  and  ballistic  reasons,  handgun  bullets  are  substan¬ 
tially  shorter  than  rifle  bullets,  and  generally  have  blunter  tips  (often  round  or 
conical).  There  are  exceptions,  such  as  bullets  for  silhouette  pistols,  but  these  are 
rare.  Because  handgun  bullets  are  shorter,  the  surface  in  contact  with  the  medium 
increases  only  negligibly  if  the  bullet  yaws,  and  the  sectional  density  only  de¬ 
creases  by  a  small  amount.  Energy  transfer  hence  varies  little  along  the  length  of 
the  wound  channel  and  the  temporary  cavity  remains  small  (see  Fig.  3-13).  As  a 
result,  handgun  bullets  can  easily  penetrate  to  depths  of  70  cm  and  more. 

Deformation  and  fragmentation  bullets.  Deformation  and  fragmentation  bullets 
for  handguns  carry  substantially  less  energy  than  do  rifle  bullets.  This  is  also  true 
of  full  metal-jacketed  handgun  bullets.  Energy  transfer  is  hence  also  considerably 
less,  which  means  that  one  cannot  compare  handgun  bullets  with  deforming  rifle 
bullets  (often  referred  to  -  erroneously  -  as  “dumdum”  bullets,  see  1. 2.2.1). 
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Fig.  3-13.  Wound  channel  of  a  full  metal-jacketed  9  mm  Luger  bullet.  Bullet  fired  from  left. 

These  bullets  generally  deform  very  rapidly,  with  solid  copper  and  copper-al¬ 
loy  bullets  reaching  maximum  deformation  (and  hence  maximum  energy  transfer) 
even  earlier  than  conventional  lead-cored  semi-jacketed  bullets.  After  1  cm  to 
3  cm,  most  deforming  handgun  bullets  have  fully  mushroomed  (see  Fig.  3-14). 

SELLIER  and  Kneubuehl  noted  that  a  9  mm  Luger  Action  1  bullet  fired  through  a  1  cm  sheet  of 
ballistic  soap  had  completely  deformed  on  exit. 

Once  the  bullet  has  deformed,  the  increased  area  of  the  leading  surface  induces 
shoulder  stabilization.  The  wound  channel  is  therefore  fairly  straight,  and  narrows 
conically  after  reaching  its  maximum  diameter.  The  bullet  often  comes  to  a  halt  in 
the  medium  at  a  slight  angle  to  its  direction  of  travel. 

Cylindrical  bullets.  Cylindrical  handgun  bullets  are  also  available.  These  are 
used  primarily  for  target  shooting  (in  the  case  of  lead  wadcutter  bullets)  or  for 
finishing  shots  when  hunting.  Such  bullets  are  very  stable  in  a  soft,  dense  me¬ 
dium,  on  account  of  shoulder  stabilization.  As  a  result,  their  sectional  density  re¬ 
mains  unchanged  and  they  leave  a  straight  (and  therefore  long)  wound  channel. 
The  diameter  of  the  wound  channel  is  greatest  at  the  point  of  impact,  decreasing 
exponentially  (in  accordance  with  Eqn  3.1:1  with  9?  constant). 

Rifle  bullets  that  strike  their  target  tail  first  behave  in  a  similar  manner,  as  the  tail  of  a  rifle  bullet  is 
approximately  cylindrical.  This  situation  can  arise  with  ricochets  that  regain  stability  at  some  point 
after  striking  a  hard  surface,  but  with  the  tail  leading. 


3. 2.2.3  Fragments  and  fragment-like  projectiles 

Spheres.  Spheres  are  particularly  suitable  for  model  experiments.  They  remain 
stable  in  flight  and  their  sectional  density  remains  constant  regardless  of  yaw. 


Fig.  3-14.  Wound  channel 
of  a  9  mm  Luger  deforming 
bullet  (QD  P.E.P.)  in  soap. 
Same  scale  as  Fig.  3-13. 
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This  means  that  it  is  possible  to  ignore  many  parameters,  such  as  bullet  length,  tip 
form,  angle  of  incidence  at  point  of  impact  and  speed  of  rotation  about  the  longi¬ 
tudinal  axis.  Experiments  that  involve  firing  spheres  into  gelatine  and  soap  targets 
have  been  described  in  many  publications. 

SCEPANOVIC  (1979)  used  6  mm  steel  spheres,  fired  at  different  velocities,  and  established  a  rela¬ 
tionship  between  impact  velocity  on  the  one  hand  and  penetration  depth  and  wound  channel  vol¬ 
ume  on  the  other.  The  mean  deceleration  is  determined  by  keeping  the  drag  coefficient  constant.  It 
is  interesting  to  note  that  the  diameter  of  the  channel  decreases  along  its  length,  becoming  signifi¬ 
cantly  less  than  the  diameter  of  the  sphere  towards  the  end.  JEANQUARTIER  and  KNEUBUEHL 
(1983)  fired  6,  8  and  10  mm  spheres  into  ballistic  soap  with  a  somewhat  reduced  water  and  alcohol 
content  (and  hence  higher  viscosity)  and  observed  reduced  penetration  depths.  However,  the  geo¬ 
metric  form  of  the  wound  channel  and  its  other  characteristics  -  especially  the  reduction  in  di¬ 
ameter  to  less  than  the  diameter  of  the  sphere  -  remained  analogous. 

NENNSTIEL  (1990)  went  a  step  further  in  studying  the  passage  of  a  sphere  through  a  dense  me¬ 
dium,  determining  the  relationship  between  drag  and  instantaneous  velocity  using  high-speed 
photography.  These  experiments  revealed  that  as  velocity  decreased,  the  drag  coefficient  related  to 
the  diameter  of  the  sphere  increased  sharply.  It  is  interesting  to  note  that  in  many  cases  the  sphere 
did  not  come  to  a  standstill  at  the  end  of  the  effective  wound  channel.  WATKINS  et  al.  (1982)  con¬ 
ducted  comparison  experiments  using  gelatine  and  soap  (manufactured  to  Swedish  specifications). 
They  discovered  a  close  correlation  between  time/distance  measurements  in  the  two  materials. 

Spheres  produce  wound  channels  that  correspond  very  closely  to  those  that  one 
would  expect  on  the  basis  of  Eqn  3.1:11.  As  sectional  density  remains  constant, 
one  can  also  take  5?  as  constant.  For  such  cases,  Eqn  3.1:11  predicts  an  exponen¬ 
tial  decrease  in  the  volume  of  the  channel,  and  hence  of  its  diameter.  This  is 
largely  confirmed  by  the  experiments  (see  Fig.  3-15). 

Natural  and  pre-formed  fragments.  To  minimize  energy  loss  along  their  tra¬ 
jectory,  pre-formed  fragments  are  generally  similar  in  shape  to  a  sphere,  taking 
the  form  of  cubes  or  short  prisms. 

Natural  fragments,  however,  are  created  by  the  random  disintegration  of  the 
body  of  a  shell  or  bomb,  the  body  usually  being  made  of  steel,  if  large  quantities 
of  explosive  are  used,  and  the  body  of  the  shell  fragments  sufficiently,  the  frag¬ 
ments  are  often  cuboid  (i.e.  all  the  edges  of  the  fragment  are  approximately  equal 
in  length  to  the  thickness  of  the  walls  of  the  shell).  If  less  explosive  is  used,  the 
fragments  are  often  longer,  and  may  well  have  a  length-to-width  ratio  of  between 
4:1  and  6:1. 

As  no  stabilizing  forces  act  upon  fragments  in  flight,  their  orientation  on  im¬ 
pact  with  the  body  is  random.  However,  as  soon  as  a  fragment  touches  the  target, 
the  same  stabilization  mechanisms  comes  into  play  as  with  the  full  metal-jacketed 


Fig.  3-15.  Wound 
channel  created  by  a 
5.54  mm  steel  sphere. 
Fired  from  left. 

Impact  velocity  approx. 
1  500  m/s. 
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bullet  in  the  third  section  of  the  wound  channel  (see  Fig.  3-8). 

Fragments  therefore  maintain  a  virtually  constant  sectional  density  in  the  body, 
generally  with  the  largest  surface  facing  forwards.  As  a  result,  the  diameter  of  a 
fragment  wound  channel  is  greatest  at  the  entry  wound  and  becomes  progressively 
smaller. 

The  largest  wound  area  is  therefore  visible  from  the  outside  in  the  case  of  fragment  wounds.  No 
major  tissue  damage  resulting  from  a  temporary  cavity  is  to  be  expected  inside  the  body. 

For  a  given  mass  and  impact  energy,  spherical  fragments  will  penetrate  most 
deeply  and  create  the  smallest  entry  wounds,  as  they  have  the  greatest  sectional 
density.  Longer  fragments  create  large  entry  wounds  but  do  not  penetrate  as  far 
(see  also  3. 2.3. 4  and  Fig.  3-27). 

Unstable  bullets.  There  are  two  types  of  “unstable”  bullet: 

-  previously  stable  bullets  that  have  ricocheted  off  an  object; 

-  bullets  fired  from  a  shot-out  barrel. 

In  the  first  case,  the  bullet  executes  a  periodic  movement  with  a  large  angle  of  in¬ 
cidence  after  the  initial  impact  (nutation,  see  Fig.  2-51).  This  angle  may  well  be 
close  to  90°.  After  a  few  hundred  metres  (the  exact  distance  depending  on  the 
calibre)  gyroscopic  stabilization  causes  these  ricochets  to  resume  stable  flight, 
though  possibly  with  the  tail  forwards.  In  the  second  case,  the  bullet  receives  too 
little  rotation  in  the  barrel,  and  is  hence  unable  to  attain  stable  flight.  It  therefore 
tumbles  throughout  its  trajectory,  the  axis  of  rotation  being  maintained  constant 
by  the  gyroscopic  effect. 

In  both  cases,  the  bullet  is  incapable  of  creating  a  narrow  channel  (see  Fig.  3-16). 
It  turns  perpendicular  to  its  direction  of  travel  immediately  on  penetration  and 
moves  through  the  medium  as  described  in  3. 2.2.1  (third  section,  BQ).  Temporary 
cavities  are  created  immediately  after  impact,  and  if  the  impact  energy  is  high 
these  cavities  can  be  extremely  large. 

The  wound  channels  of  unstable  bullets  are  very  similar  to  those  caused  by  fragments  of  similar 
energy  and  sectional  density. 

Deforming  bullets  that  have  ricocheted  do  not  mushroom,  but  behave  like  full 


Fig.  3-16.  The  wound  channel  of  a 
ricochet  in  soap.  Bullet  fired  from  left. 
The  bullet  struck  the  block  with  a  large 
angle  of  incidence  and  immediately 
turned  so  that  it  was  perpendicular  to 
its  direction  of  travel. 
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metal-jacketed  bullets  that  have  ricocheted,  as  it  is  no  longer  possible  to  create  the 
pressure  at  the  tip  that  would  be  required  to  cause  them  to  deform. 


3. 2.2.4  Possible  types  of  wound  channel. 

From  3.2.2. 1  to  3. 2. 2. 3,  we  can  distinguish  between  five  types  of  wound  channel. 
These  are  shown  in  Table  3-2.  The  illustrations  are  self-explanatory. 


Table  3-2.  Possible  types  of  wound  channel  (illustrations  approximately  to  scale). 


Type  of  FU11  metal-jacketed  and  solid  bullets  Deforming  and  fragmentation  bullets 

weapon 


3. 2.2. 5  Physical  models 

Aims.  While  qualitative  descriptions  are  useful  as  a  means  of  understanding  a 
physical  process,  predicting  the  behaviour  of  a  particular  bullet  in  a  soft  medium 
requires  a  physical/mathematical  model.  The  first  step  is  to  take  known  bullet 
parameters,  such  as  mass,  moments  of  inertia,  position  of  centre  of  gravity,  form 
and  structure,  together  with  such  ballistics  data  as  velocity,  speed  of  rotation  and 
angle  of  incidence  at  point  of  impact,  and  use  these  to  derive  equations  describing 
the  orientation  and  movement  of  the  bullet  within  the  medium.  In  a  second  phase, 
it  could  be  possible  to  use  material-specific  values  to  calculate  stresses  in  the 
jacket  of  the  bullet,  which  in  turn  would  enable  us  to  predict  the  deformation  and 
fragmentation  of  the  bullet. 

We  shall  now  discuss  known  approaches  to  modelling  from  the  literature,  and 
indicate  opportunities  for  building  on  these  and  improving  them. 
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Simple  laws  of  deceleration.  As  the  energy  transferred  from  the  bullet  to  the 
medium  (the  tissue)  is  clearly  of  primary  importance  for  the  effectiveness  of  the 
bullet,  most  existing  models  limit  themselves  to  describing  the  change  in  velocity 
of  the  bullet  (or,  more  accurately,  of  its  centre  of  gravity). 

As  we  have  already  indicated  in  3.1.3,  one  obvious  approach  is  to  use  the 
principles  of  drag  from  fluid  dynamics.  Drag  is  assumed  to  be  proportional  to 
velocity  squared,  to  density  and  to  a  reference  area: 

(3.2:1)  a  =  -  CD  •  ^  •  p  •  v2  •  —  .  [m/s2] 

m 

If  we  can  ignore  internal  friction,  the  dimensionless  drag  coefficient  Cd  becomes  a 
function  of  the  Mach  number,  i.e.  of  velocity.  If,  however,  inertial  forces  are  very 
small  compared  to  friction,  then  we  generally  use  Stokes’  approach,  with  a  linear 
relationship  between  drag  on  the  one  hand  and  velocity  and  viscosity  on  the  other. 

(3.2:2)  F  =  -a-m  =  -C* -i-ivv-r  .  [N] 

By  introducing  the  Reynolds  number,  we  can  write  the  equation  as  in  Eqn  3.2:1, 
with  Cd  expressed  as: 

(3.2:3)  CD  =  [-] 

it  •  Re 

Most  authors  take  the  approach  represented  in  Eqn  3.2:1,  generally  with  the  cross- 
sectional  area  of  the  calibre  as  the  reference  area.  If  we  determine  the  relationship 
between  time  and  distance,  it  is  possible  to  calculate  the  drag  coefficient,  at  least 
approximately.  It  is  to  be  expected  that  this  value  will  not  be  constant.  Rather,  it 
will  depend  on  both  the  Mach  number  (i.e.  on  velocity)  and  on  the  Reynolds 
number  (viscosity),  as  in  aerodynamics.  In  a  simple  model,  however,  all 
parameters  are  assumed  to  be  constant,  with  the  exception  of  velocity.  We 
therefore  obtain  the  following  equation: 

(3.2:4)  a  =  ^  =  -  5R  •  v2  ,  [m/s2] 

with  retardation  coefficient 

(3.2:4a)  5?  =  Cp  ’P’A  .  [nT1] 

2  •  m 

From  this  we  can  derive  the  equation  in  which  we  are  interested  -  that  of  energy 
transfer  per  unit  distance: 

(3.2:5)  E;b  =  —  =  -m-a  =  -  2-5? -i-m- v2  =-2-9?-E  .  [J/m] 

ds 

We  shall  discuss  the  solutions  of  these  equations  in  3. 2. 3. 2. 
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Fig.  3-17.  Idealized  conical 
form  of  a  temporary  cavity 
created  by  a  cylinder.  Tumbling 
absent  due  to  shoulder 
stabilization. 


If  the  sectional  density  of  the  projectile  remains  constant  (as  with  a  sphere  or  a 
cylinder  of  which  the  axis  coincides  with  the  trajectory),  the  diameter  of  the  cavity 
will  decrease  along  its  length  (see  Fig.  3-17),  and  its  boundary  will  follow  an 
exponential  curve,  except  in  the  area  immediately  following  the  entry  wound. 
This  allows  us  to  conclude  that  5?  is  constant.  Using  Eqn  3.2:4a,  this  in  turn  makes 
it  reasonable  to  assume  that  the  drag  coefficient  Cd  is  also  constant. 

More  advanced  models.  The  above  models  are  highly  simplified.  As  a  result, 
they  are  unable  to  predict  such  important  elements  as  penetration  depth  or  the 
formation  of  the  temporary  cavity.  PETERS  (1990a,b)  therefore  proposed  extend¬ 
ing  these  models  by  including  the  forces  that  cause  irreversible  deformation  of  the 
material,  in  addition  to  the  inertial  forces.  His  approach  therefore  includes  not 
only  fluid  dynamics  equations  but  also  mechanical  equations,  some  of  which  were 
derived  empirically: 


(3.2:6) 


[m/s2] 


The  second  addend,  which  is  proportional  to  the  square  root  of  v/k,  describes  the 
deceleration  component  responsible  for  deformation.  The  corresponding 
proportionality  factor  is  derived  empirically  for  a  6  mm  projectile,  while  U6  is  a 
material-dependent  parameter  and  is  known  as  the  characteristic  velocity.  Using 
further  models  for  the  angle  of  incidence,  for  the  formation  of  the  primary  cavity 
and  for  tissue  damage,  it  is  possible  -  for  simple  projectile  shapes  -  to  obtain 
adequate  correlation  between  calculations  and  measurements. 

A  further  extension  to  the  model  relies  entirely  on  a  fluid  dynamics  approach  to 
the  motion  of  a  bullet,  this  time  taking  account  of  viscosity.  Unlike  the  equations 
discussed  above,  this  model  only  includes  that  part  of  the  bullet’s  surface  that  is  in 
contact  with  the  medium,  as  pressure  and  friction  forces  can  only  act  on  this 
surface.  Separating  the  two  corresponding  deceleration  components  gives: 

(3.2:7)  a  =  — •  p  •  v2  •  [cd  •  A  (v,r|)  +  CF  •  A0(v,r|)]  .  [m/s2] 

2  •  m 

Where  Cd  is  a  function  of  the  Mach  number  and  Cf  is  a  function  of  both  the  Mach 
number  and  the  Reynolds  number. 
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The  part  of  the  bullet  tip  in  contact  with  the  medium  determines  both  the  cross- 
sectional  area  Aq  that  determines  the  compressive  forces  and  the  area  Ao  that 
determines  the  friction  forces.  Both  are  dependent  on  the  flow-off  angle  of  the 
medium  which,  in  turn,  is  determined  by  velocity  and  viscosity.  If  it  were  possible 
to  calculate  this  angle  as  a  function  of  v  and  r\,  it  would  be  possible  to  calculate 
the  magnitudes  of  the  compressive  and  friction  forces,  together  with  their  contact 
points,  and  so  to  determine  the  yaw  angle  of  the  bullet. 

3.2.3  The  temporary  cavity 

3. 2.3.1  Phenomenology  of  the  temporary  cavity 

The  energy  that  the  bullet  transfers  to  the  medium  accelerates  the  medium  sur¬ 
rounding  the  path  of  the  bullet  away  from  it  radially.  This  creates  a  hollow  space 
behind  the  bullet  and,  initially,  a  vacuum.  Because  of  inertia,  the  cavity  only 
reaches  its  maximum  diameter  at  any  given  point  when  the  bullet  has  already 
passed  that  point. 

The  cavity  is  filled  with  air  from  the  entry  wound  (and  from  the  exit  wound  if  there  is  one).  It  also 
contains  water  vapour  from  the  medium  (water,  gelatine,  soap,  muscle,  etc.). 

The  front  part  of  the  bullet  starts  to  separate  the  material  and  push  it  apart  (see  ri¬ 
fle  bullet  in  Fig.  3-3).  Initially,  the  rear  part  of  the  bullet  has  no  contact  with  the 
medium  and  is  therefore  not  subject  to  compressive  forces.  However,  as  a  rifle 
bullet  yaws  in  the  wound  channel,  the  rear  part  does  eventually  come  into  contact 
with  the  medium. 

The  maximum  radial  extent  of  the  cavity  clearly  depends  on  the  elasticity  of 
the  medium  or,  more  precisely,  on  its  Young’s  modulus.  The  higher  the  Young’s 
modulus,  the  greater  the  forces  tending  to  return  the  particles  to  their  original  po¬ 
sition. 

In  the  case  of  water.  Young's  modulus  is  replaced  by  hydrostatic  pressure.  If  all  other  conditions 
remain  the  same,  then  the  higher  the  water  pressure  (i.e.  the  greater  the  depth),  the  smaller  the 
cavity.  Ottoson  ( 1 964)  observed  this  phenomenon  during  his  experiments. 

The  cavity  collapses  after  a  few  milliseconds,  as  part  of  the  bullet’s  energy  is  con¬ 
verted  into  the  elastic  energy  of  the  tissue.  In  most  cases,  that  energy  is  not  fully 
used  up  in  creating  the  cavity.  A  second  cavity  is  created.  This  second  cavity  is 
smaller  than  the  first,  as  less  elastic  energy  is  available.  This  process  of  creating 
cavities  is  repeated  until  all  the  energy  has  been  used  up;  the  cavity  pulsates.  Fi¬ 
nally,  the  energy  is  converted  into  heat  via  pressure  waves  and  internal  friction. 

The  duration  of  a  pulse  Tth  depends  on  the  energy  transferred  to  the  medium 
from  the  bullet,  Eab.  Duration  is  given  by: 

(3.2:8)  tth  =  2-3/e^.  [ms] 
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Fig.  3-18.  Typical  graph  of  pressure  against 
time  for  pulses  in  tissue  associated  with  the 
temporary  cavity  (after  HARVEY  et  al.  1946  ). 


If  Eab  =  450  J,  for  instance,  Tth  =  15  ms,  while  if  Eab  =  3600  J,  xTH  =  31  ms. 

Liu  et  al.  (1988b)  carried  out  experiments  with  a  7.62  mm  NATO  bullet  (approx.  3200  J)  in 
water,  recording  an  interval  of  24  ms  between  the  first  and  second  pressure  peaks  and  20  ms  be¬ 
tween  the  second  and  third.  The  corresponding  values  for  a  5.56  mm  M193  bullet  were  22  ms  and 
1 6  ms  respectively. 

The  number  of  pulses  clearly  depends  on  the  internal  friction  of  the  medium. 
Seven  to  eight  pulses  were  observed  in  water,  and  a  smaller  number  in  tissue.  The 
authors  cited  above  observed  three  pressure  maxima  in  water,  on  the  basis  of  the 
peaks  on  the  oscillogram. 

Pulses  associated  with  the  passage  of  a  bullet  follow  a  characteristic  pattern,  as 
measured  by  Harvey  et  al.  (1946). 

The  pulses  can  be  divided  into  two  phases  (see  Fig.  3-18): 

1 .  An  initial  shock  wave  with  a  very  high  pressure  peak,  which  initially  propa¬ 
gates  at  a  velocity  greater  than  the  speed  of  sound  c  in  tissue  (approx.  1400  m/s  to 
1500  m/s). 

The  propagation  velocity  of  a  shock  wave  increases  with  pressure  and  hence  exceeds  the  speed  of 
sound  c,  which  is  defined  as  the  propagation  velocity  of  small  disturbances.  For  instance,  the 
propagation  velocity  of  a  shock  wave  in  water  (c  =  1465  m/s  at  20°C)  is  2230  m/s  for  a  pressure 
peak  of  5  kbar  (500  MPa)  and  2755  m/s  for  a  peak  of  10  kbar. 

This  shock  wave  is  created  by  the  sudden  displacement  of  tissue  in  the  wound 
channel.  Initially,  because  of  the  inertia  of  the  tissue,  only  the  area  at  the  point  of 
impact  is  subjected  to  a  high  degree  of  compression,  creating  a  shock  wave.  The 
wave  front  is  very  steep;  the  time  xa  required  for  the  pressure  to  rise  from  zero  to  a 
maximum  is  of  the  order  of  a  few  microseconds.  The  pressure  amplitude  of  the 
wave  can  be  calculated  approximately  as  described  in  2. 1.4.4  (Eqns  2.1:62 
and  63). 

The  shock  wave  does  not  actually  move  tissue  from  one  place  to  another, 
unlike  the  temporary  cavity,  which  displaces  large  masses  of  tissue.  Nevertheless, 
the  shock  wave  can  cause  certain  effects,  which  we  shall  discuss  later. 

2.  The  pressure  fluctuations  in  the  second  phase  are  caused  by  the  pulsations  of 
the  temporary  cavity.  The  particles  are  accelerated  radially.  A  cavity  is  therefore 
created,  of  which  the  diameter  depends  on  the  magnitude  of  the  energy  transferred 
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by  the  bullet  E'at>  A  virtual  vacuum  forms  behind  the  temporary  cavity,  which  is 
then  filled  by  air  entering  via  the  entry  wound. 

The  temporary  cavity  causes  a  number  of  changes  in  the  body  of  the  person  or 
animal.  We  can  distinguish  between: 

1 .  The  temporary  (wound)  cavity. 

2.  The  extravasation  zone. 

3.  The  permanent  wound  channel. 

The  extravasation  zone  and  the  permanent  wound  channel  result  from  the  tempo¬ 
rary  cavity.  The  permanent  wound  channel  is  not  the  same  as  the  geometrical 
wound  channel  -  it  does  not  form  a  “tube”  with  the  same  cross-sectional  area  as 
the  bullet.  Rather,  the  diameter  of  the  permanent  wound  channel  at  any  given 
point  corresponds  to  the  energy  transferred  by  the  bullet  at  that  point  and  is  hence 
related  to  the  size  of  the  temporary  cavity  at  that  point.  The  permanent  wound 
channel  is,  however,  smaller  than  the  temporary  cavity. 

The  wound  channel  is  marked  by  an  area  of  crushed  and  torn  tissue  containing 
large  amounts  of  blood.  The  reason  for  this  damage  becomes  clear  when  one 
looks  at  what  happens  to  the  area  when  the  temporary  cavity  is  created  (see  Fig. 
3-19  c).  The  tissue  close  to  the  wound  channel  is  stretched  considerably  by  the 
formation  of  the  temporary  cavity.  Geometrically,  these  areas  form  hollow  cylin¬ 
ders.  These  “tubes”  of  tissue  expand  considerably,  and  the  tissue  is  torn  (Zone  2  in 
Figs  3-19  b  and  c).  Not  surprisingly,  the  stretching  of  the  tissue  decreases  with  ra¬ 
dial  distance  from  the  wound  channel;  the  stretching  is  inversely  proportional  to 
distance  from  the  wound  channel.  There  is  therefore  a  ring  of  tissue  around  the 
wound  channel,  within  which  the  tissue  is  torn  through  having  been  overstretched. 
The  radius  of  this  zone  depends  on  the  radius  of  the  temporary  cavity  and,  of 
course,  on  the  resistance  of  the  tissue  to  tearing.  There  is  a  fixed  numeric  ratio 
between  the  radius  of  the  temporary  cavity  and  that  of  the  permanent  wound 
channel,  as  we  shall  see  later. 


Fig.  3-19.  Schematic  illustration  of  tissue  displacement  due  to  formation  of  the  temporary  cavity. 
Section  through  a  block  of  tissue:  a.  before  impact  (showing  the  position  of  the  geometric  wound 
channel),  b.  shortly  after  impact  (when  the  temporary  cavity  is  at  its  maximum)  and  c.  after  the 
bullet  has  come  to  rest  (permanent  wound  channel). 

+:  Geometric  wound  channel.  1:  Destroyed  tissue.  2:  Extravasation  zone.  3:  Stretched  but 
undamaged  tissue.  4:  Unaffected  tissue. 
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The  permanent  wound  channel  is  surrounded  by  the  extravasation  zone  (Zone  2 
in  Fig.  3-19).  This  zone  is  characterized  by  small  areas  of  bleeding  (those  closer  to 
the  wound  channel  being  more  intense  than  those  further  away)  and  the  absence 
of  macroscopic  destruction.  The  term  extravasation  comes  from  Latin  ex¬ 
tra  =>  out  of  and  va.sa  =>  vessels  and  here  refers  to  blood  leaking  out  of  blood 
vessels.  Here  again,  the  mechanism  is  easy  to  understand.  In  this  zone,  the 
stretching  caused  by  the  temporary  cavity  is  not  sufficient  to  tear  tissue,  but  is  suf¬ 
ficient  to  affect  those  elements  most  sensitive  to  stretching,  i.e.  the  capillaries. 
There  is  a  mathematical  relationship  between  this  zone  and  the  size  of  the  tempo¬ 
rary  cavity. 

If  one  considers  the  geometry,  it  is  clear  that  the  circular  stretching  of  the  skin  around  the  entry 
wound  is  inversely  proportional  to  distance  from  the  centre  of  the  wound.  This  circular  area  of 
stretched  skin  forms  the  “lid”  of  the  temporary  cavity.  This  conclusion  is  supported  by  observation 
of  the  skin  around  the  entry  wound;  the  wound  is  usually  surrounded  by  a  clearly  visible  zone  of 
micro-tears,  forming  a  circular  patch  of  red  skin.  The  colour  is  more  intense  towards  the  centre, 
where  damage  to  the  capillaries  is  greatest. 

The  volumes  of  these  zones  are  proportional  to  the  energy  transferred  to  the  tissue 
from  the  bullet,  Eab.  We  can  therefore  write: 

(3.2:9)  V  =  p  •  Eab  .  [cm3] 

Values  of  p: 

Temporary  cavity  0.77  cm3/J 

Extravasation  zone  0.35  cm3/J 

Permanent  wound  channel  0.03  cm3/J 

These  values  are  for  muscle  tissue.  Measurements  conducted  by  Fackler  et  al. 
(1986)  give  a  p  of  1.26  cm3/J  for  the  temporary  cavity  in  gelatine  (firing  6  mm 
steel  spheres  into  10%  gelatine  at  4°C)  and  0.16  to  0.20  cm3/J  for  soap.  See  3.3  for 
further  details.  In  water,  close  to  the  surface,  the  value  of  p  in  the  temporary  cav¬ 
ity  is  8.7  cm3/J.  The  reason  for  the  value  of  p  in  water  being  11  times  that  en¬ 
countered  in  muscle  is  that  water  has  a  lower  cohesive  force.  The  temporary  cav¬ 
ity  is  approximately  26  times  larger  than  the  permanent  wound  channel  (0.77/0.03). 
The  ratio  between  the  diameter  of  the  permanent  wound  channel  and  that  of  the 
temporary  cavity  is  approximately  1:3. 

In  the  case  of  simulants,  the  value  of  p  also  depends  on  how  the  experiment  is 
set  up  -  the  physical  properties  of  the  material,  the  size  of  the  block,  etc.  Main¬ 
taining  the  same  arrangement  and  keeping  conditions  constant  can  produce  sur¬ 
prisingly  accurate  results  (see  3.3.2,  3.3.3  and  3.3.4).  It  is  important  that  the  block 
be  large  enough  that  p  remain  unaffected  by  such  peripheral  effects  as  swelling 
around  the  temporary  cavity  or  cracking  of  the  block. 

The  temporary  cavity  is  far  less  able  to  “breathe”  if  the  medium  through  which 
the  bullet  passes  is  enclosed.  In  the  human  body,  this  may  be  the  case  when  a 
bullet  passes  through  the  head,  the  heart  or  a  full  bladder.  In  the  case  of  these 
fluid-filled  hollow  organs  (brain  can  be  seen  as  a  fluid  from  a  ballistics  point  of 
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Fig.  3-20.  Head  model  for  measuring  pressure 
as  a  bullet  passes  through  (after  WATKINS  1988). 


view)  the  casing  allows  significant  build-up  of  pressure,  which  can  burst  the  organ 
if  sufficient  energy  is  present.  This  is  referred  to  as  hydraulic  shock.  As  the  pres¬ 
sure  builds  up  in  a  virtually  immobile  fluid,  the  terms  “hydrodynamic”  or  “hydro¬ 
static”  shock  are  inappropriate.  The  pressure  in  the  fluid  in  these  hollow  organs 
acts  in  all  directions  and  if  the  organ  bursts,  pieces  indeed  fly  in  all  directions. 
Fragments  are  no  more  likely  to  be  propelled  in  one  direction  than  another  -  not 
even  in  the  direction  in  which  the  bullet  is  travelling. 

Of  all  the  hollow  organs,  the  skull  is  of  particular  interest.  Unfortunately,  few 
authors  have  conducted  pressure  measurements  in  the  skull  during  and  after  the 
passage  of  a  bullet.  This  may  be  partly  due  to  the  practical  difficulty  of  producing 
a  head  model  capable  of  representing  the  human  skull  with  a  reasonable  degree  of 
accuracy. 

Watkins  et  al.  (1998)  looked  at  the  problem  of  skull  pressure  measurements. 
We  shall  consider  the  most  significant  of  their  results.  Their  head  model  is  shown 
in  Fig.  3-20. 

Dried  Asiatic  skulls  were  used  that  had  been  kept  in  a  0.9%  saline  solution  for  seven  days  prior  to 
the  experiment.  The  skulls  were  then  filled  with  20%  gelatine  and  covered  with  two  layers  of 
leather  soaked  in  gelatine. 

Fig.  3-21  shows  a  typical  pressure  curve  obtained  as  a  bullet  passes  through  one 
of  these  skulls.  At  the  beginning  of  the  process  (see  Fig.  3-21  for  details)  we 
observe  a  pressure  peak  of  just  under  70  bar,  which  corresponds  to  the  shock 
wave  emanating  from  the  tip  of  the  bullet.  This  is  followed  by  a  series  of  pressure 
peaks,  which  correspond  to  reflections  off  the  walls  of  the  skull.  In  order  to  obtain 
the  pressure  due  to  the  pressure  wave  produced  by  the  temporary  cavity,  the  high- 
frequency  signals  of  the  shock  wave  were  filtered  out  using  a  low-pass  filter.  The 
result  is  shown  magnified  in  Fig.  3-21.  In  addition  to  the  maximum,  of  just  under 


3.2  Processes  in  the  wound  channel;  the  temporary  cavity  115 


Overpressure  [kPa] 


Fig.  3-21.  Pressure  in  a 
skull.  Pressure  sensor 
positioned  as  shown  in 
Fig.  3-20. 

The  x-axis  shows  time, 
in  ms. 


22  bar,  we  can  identify  pressure  peaks  caused  by  the  pulsation  of  the  temporary 
cavity.  Table  3-3  presents  a  summary  of  the  values  measured. 

Fig.  3-22  shows  maximum  pressure  against  energy  and  indicates  that  there  is  a 
linear  relationship  between  maximum  pressure  and  the  energy  of  the  bullet.  The 
table  also  shows  the  pressures  produced  when  a  bullet  ricochets  off  the  skull 
(when  the  bullet  strikes  it  at  an  angle).  Not  surprisingly,  the  pressure  values  in 
such  cases  are  lower  than  when  the  bullet  passes  through  the  skull,  as  a  bullet  that 
ricochets  only  transfers  a  small  part  of  its  energy  to  the  skull,  with  the  amount  of 
energy  transferred  depending  on  the  angle. 

It  would  be  useful  at  this  juncture  to  mention  experience  from  forensic  practice 
regarding  the  effects  of  bullets  on  the  human  skull. 

9  mm  Luger  bullets  always  cause  a  large  number  of  significant  bursting  injuries  to  both  the  cal¬ 
varium  and  the  base  of  the  skull.  A  7.65  Browning  bullet  causes  only  fracture  lines  and  bullets 
from  6.35  Browning  and  22  rimfire  cartridges  leave  only  entry  holes.  On  close  examination,  how¬ 
ever,  one  usually  finds  fracture  lines  in  the  anterior  cranial  fossa.  This  is  the  site  of  the  roof  of  the 
orbital  cavity,  which  often  consists  only  of  a  paper-thin  bone.  These  fractures  cause  bleeding  in  the 
soft  parts  of  the  orbital  cavity,  producing  the  “panda  eyes”  effect. 


Table  3-3.  Pressure  in  a  skull  as  a  bullet  passes  through 


Projectile  (steel  sphere) 
Size,  channel 

V 

[m/s] 

E 

[J] 

Maximum 

Shock 

[bar] 

pressure 

Quasistatic 

[bar] 

6  mm  transverse 

205 

18.7 

7.90 

0.75 

6  mm  transverse 

450 

90 

16 

4.30 

6  mm  transverse 

806 

290 

69 

22 

3  mm  transverse 

459 

11.8 

7 

0.65 

3  mm  transverse 

1316 

97 

45 

8.5 
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Quasistatic  pressure 
[kPa] 


Fig.  3-22.  Maximum 
pressure  (y-axis)  against 
bullet  energy  (x-axis). 


As  one  would  expect  from  theoretical  studies  and  from  the  experiments  described  above  con¬ 
cerning  the  pressure  inside  the  skull,  rifle  bullets,  with  their  high  energy  levels,  have  a  far  greater 
effect  than  handgun  bullets.  A  direct  hit  to  the  skull  at  short  range  -  not  a  ricochet  -  very  often 
leads  to  bursting  of  the  skull  and  destruction  of  the  brain.  Tangential  hits  often  destroy  the  top  of 
the  skull  but  leave  the  brain  lying  relatively  undamaged  next  to  the  corpse  (this  is  known  as  a 
“Kronlein  shot”). 

Harvey  et  al.  (1946)  described  pressure  fluctuations  in  the  abdomens  of  anaes¬ 
thetized  cats  as  a  result  of  the  temporary  cavity  created  by  a  shot  fired  into  the  up¬ 
per  thigh.  Tikka  et  al.  (1982a)  conducted  experiments  on  pigs. 

A  Kistler  42213  pressure  transducer  was  implanted  in  the  abdominal  cavity  via  a  small  incision. 
The  bullets  were  fired  at  the  middle  part  of  the  upper  thigh.  The  cartridges  used  were  as  follows: 
7.62  x  39  S  309  (Finland),  7.62  x  39  ts  D  pv  (USSR)  and  5.56  x  45  M  193  (USA).  The  ranges 
were  30  m  and  100  m. 

On  the  basis  of  their  measurements,  the  authors  came  to  the  following  conclu¬ 
sions: 

The  pressure  fluctuations  in  the  abdominal  cavity  as  a  result  of  shots  to  (or 
through)  the  upper  thigh  depended  on: 

-  the  amount  of  energy  transferred  from  the  bullet  to  the  tissue; 

-  the  distance  between  the  temporary  cavity  and  the  abdominal  cavity; 

-  the  anatomy  of  the  target. 

Maximum  pressures  of  up  to  just  under  1  bar  were  measured. 

There  was  only  a  very  loose  relationship  between  energy  transferred  and  maximum  pressure  fluc¬ 
tuation  Ap.  For  instance,  Eab  =  107  J:  Ap  =  0.98  kPa.  Eab  =  200  J:  Ap  only  0.1  kPa  (extreme  exam¬ 
ple). 

These  pressure  values  are  for  the  abdominal  cavity,  not  the  blood  vessels.  It  is  rea¬ 
sonable  to  assume  that  the  pressures  in  the  blood  vessels  were  of  the  same  order 
of  magnitude. 
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3. 2.3. 2  Quantitative  description  of  the  temporary  cavity 

OTTOSON  (1964)  established  that  if  sectional  density  remains  constant,  then  the 
diameter  d  of  the  temporary  cavity  at  a  given  penetration  depth  s  along  the  bullet 
track  is  proportional  to  the  velocity  v  at  that  point: 

(3.2:10)  d(s)  =  C  •  v(s)  ,  where  C  is  constant.  [m] 

From  the  above  and  from  the  following  equation  for  velocity  (derived  from 

Eqn  3.2:5) 

(3.2:11)  v(s)  =  v.-e'*",  [m/s] 

introducing  energy  in  place  of  velocity  allows  us  to  derive  the  following  equation 

for  the  volume  of  the  temporary  cavity: 

(3-2:12)  V  =  (Ea  -  E  t)  .  [m3] 

4  •  5t  •  m 


Where  Erst  is  the  residual  energy  after  the  bullet  exits  the  body  and  the  term  in  pa¬ 
rentheses  corresponds  to  energy  transferred  Eab.  The  expression  to  the  right  of  the 
equals  sign  is  summarized  as  the  constant  p,  thereby  proving  Eqn  3.2:9. 

Ottoson’s  empirical  approach  therefore  confirms  Martel’s  theory  (see  2. 3. 7. 3). 

Eqn  3.2:12  only  holds  good  if  the  retardation  coefficient  5?  (which  depends  on  the 
angle  of  incidence  of  the  bullet,  and  hence  on  its  instantaneous  sectional  density) 
remains  constant.  This  equation  is  therefore  valid  only  for  bullets  with  a  constant 
sectional  density.  If  5?  changes  as  the  bullet  passes  through  the  target,  it  will  not 
be  possible  to  establish  a  straightforward  relationship  between  volume  and  energy 
transferred. 

For  the  next  approach,  we  shall  once  again  use  Eqn  3.2:9: 

V  =  p-Eab.  [cm3] 


Eab  is  replaced  by  the  sum  of  the  products  of  E'ab  and  the  corresponding  sections 
of  the  bullet  track  As: 

(3.2:13)  V  =  p.XE'ab-As.  [cm3] 


If  we  consider  only  one  section  As  at  position  so,  then  from  3.2: 13  we  obtain: 


(3.2:14) 


E-Elb(s0)  . 


[cm2] 


This  equation  has  serious  consequences  for  the  wounding  potential  ( effectiveness ) 
of  a  bullet.  It  shows  that  the  cross-sectional  area  of  the  volumetric  element  (disc 
of  thickness  As)  at  a  point  so  along  the  track  depends  on  the  energy  transferred 
from  the  bullet  at  that  point.  As  the  value  of  E'ab  at  a  given  point  along  the  track 


118  3  General  wound  ballistics 


determines  the  magnitude  of  the  cross-sectional  area,  the  curve  of  E'ab  corre¬ 
sponds  to  the  form  of  the  temporary  cavity. 

The  curve  of  E'ab  against  distance  along  the  bullet  track  depends  on  the  form 
and  design  of  the  bullet.  Spheres,  and  other  projectiles  of  constant  sectional  den¬ 
sity,  transfer  their  energy  to  the  medium  in  a  regular  fashion,  in  accordance  with 
an  exponential  function.  From  Eqn  3.2:5,  we  can  derive  the  following  equation: 

(3.2:15)  E(s)  =  E.-e’2**,  [J] 

using  the  above,  together  with  Eqn  3.2:9,  we  obtain  the  following  after  rearrang¬ 
ing  the  terms  (where  d  is  the  diameter  of  the  temporary  cavity  and  C*  is  a  con¬ 
stant): 

(3.2:16)  d(s)  =  2  •  C*  •  e“ms  .  [m] 

Projectiles  with  a  constant  sectional  density  therefore  cause  temporary  cavities 
(and  hence  permanent  wound  channels)  of  which  the  diameter  decreases  exponen¬ 
tially.  For  further  details  on  this  relationship,  please  see  4. 4. 2.2,  which  deals  with 
the  geometric  form  of  the  wound  channel  caused  by  a  fragment  of  approximately 
constant  sectional  density. 

3.2.3.3  Influence  of  impact  conditions  and  bullet  characteristics 

General.  The  proper  motion  of  a  bullet  in  flight  (the  movement  of  the  axis  of  the 
bullet  about  its  centre  of  gravity)  was  discussed  in  2. 3. 4. 4.  Under  the  constant  ef¬ 
fect  of  drag,  the  axis  of  the  bullet  describes  a  hollow  cone  about  the  direction  of 
flight  (precession).  In  the  event  of  a  sudden  disturbance  to  the  flight  of  the  bullet 
(e.g.  if  it  strikes  an  object)  a  second  conical  movement,  known  as  nutation,  is  su¬ 
perposed  on  the  first  (see  Fig.  2-51),  causing  the  axis  of  the  bullet  to  rotate  about 
the  direction  of  flight,  at  a  constantly  changing  angle  of  incidence.  As  long  as  the 
bullet  is  spinning  sufficiently  fast,  it  will  not  tumble  (i.e.  yaw). 

Motion  inside  a  dense  medium  is  quite  different.  As  mentioned  previously,  the 
bullet  initially  remains  stable  under  the  influence  of  the  gyroscopic  effect  and 
transfers  comparatively  little  energy  to  the  target.  This  is  the  “narrow  channel” 
phase.  The  angle  of  incidence  then  increases  extremely  rapidly  over  a  relatively 
short  distance  due  to  positive  feedback.  The  bullet  yaws  and  then  continues  its 
forward  movement  while  undergoing  heavily  damped  oscillation  about  a  trans¬ 
verse  axis.  The  bullet  always  stabilizes  perpendicular  to  its  direction  of  move¬ 
ment,  as  long  as  it  is  shape  stable. 

We  shall  now  see  how  the  length  of  the  narrow  channel  (NC)  is  determined  by 
the  ballistic  characteristics  of  the  bullet  at  the  point  of  impact  and  by  its  dimen¬ 


sions. 
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Fig.  3-23.  Relationship  between  the  angle  of  incidence  at  the  moment  of  impact  and  the  length 
of  the  narrow  channel.  As  the  distance  between  muzzle  and  target  (SE)  increases,  the  bullet 
becomes  more  stable,  the  angle  of  incidence  decreases  and  the  length  of  the  narrow  channel 
increases.  Experiments  conducted  by  the  author  (Kneubuehl).  Bullet  fired  from  left, 
a.  SE  =  30  m,  b.  SE  =  100  m,  c.  SE  =  300  m. 


Relationship  between  the  length  of  the  narrow  channel  and  the  angle  of  inci¬ 
dence  at  the  moment  of  impact.  The  angle  of  incidence  i[/o  of  a  bullet  as  it 
strikes  a  dense  medium  has  a  decisive  effect  on  the  way  it  moves  within  the  me¬ 
dium,  and  especially  upon  yaw.  A  large  angle  of  incidence  causes  the  bullet  to 
yaw  rapidly  and  results  in  a  short  NC.  If  the  angle  of  incidence  is  small,  this  sud¬ 
den  yaw  occurs  later  and  the  NC  will  be  longer.  This  can  be  demonstrated  empiri¬ 
cally  by  increasing  the  distance  between  muzzle  and  target,  as  the  angle  of  inci¬ 
dence  decreases  with  increasing  distance,  as  long  as  the  bullet  is  in  stable  flight. 
See  2. 3. 4.4  and  Fig.  3-23  a-c. 

The  question  arises  as  to  what  defines  the  NC,  i.e.  as  to  how  one  defines  its  end.  An  angle  of  inci¬ 
dence  of  as  little  as  1 0°  results  in  a  significant  lateral  force  (approx.  1 7%  of  the  drag)  and  a  corre¬ 
spondingly  large  overturning  moment.  Under  such  conditions,  one  can  fairly  confidently  assume 
that  yaw  has  commenced.  Geometrically  speaking,  this  angle  of  incidence  corresponds  to  an  in- 


calibre  7.62  x  51 
bullet  M  80 

weapon  M14/G3 


7.62  x  39 
S  309 
AK  47 


5.56  x  45 
SS  92 
M  16 


5.56  x  45 
SS  109 
M16A4 


5.56  x  45 
GP  90 
Stgw  90 


5.45  x  39 
AK  74 


Fig.  3-24.  Bullets  for  military  weapons. 
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crease  in  the  diameter  of  the  wound  channel  of  approximately  20%,  which  is  the  criterion  defining 
the  end  of  the  NC.  If  all  bullets  are  assessed  in  the  same  manner,  there  can  be  no  objection  to  this 
approach. 

The  author’s  own  experiments  using  a  variety  of  bullets  (see  Fig.  3-24)  fired  at 
ballistic  soap  made  it  possible  to  investigate  the  relationship  between  the  angle  of 
incidence  and  the  length  of  the  NC  more  closely  (Kneubuehl  and  Maissen 
1978). 

In  order  to  determine  the  influence  of  the  angle  of  incidence  at  the  point  of  im¬ 
pact,  a  simple  system  of  equations  of  motion  was  set  up  that  describes  the  motion 
of  the  bullet’s  centre  of  gravity  and  its  rotation  about  a  transverse  axis  through  its 
centre  of  gravity  (yaw).  This  system  of  equations  involves  a  drag  coefficient  Co 
and  a  normal  force  coefficient  Cn.  See  “Flow  forces”  in  2. 1.4. 4.  The  normal  force 
coefficient  is  defined  in  a  manner  analogous  to  the  lift  force  coefficient  Cl  of 
Eqn  2.1:65  except  that  lift  acts  perpendicular  to  the  direction  of  movement,  while 
the  normal  force  acts  perpendicular  to  the  axis  of  the  bullet.  With  the  aid  of  this 
system  of  equations,  best-fit  calculations  were  performed  using  the  narrow  chan¬ 
nel  lengths  determined  empirically.  These  calculations  yielded  the  initial  angle  of 
incidence  for  each  length  of  NC1. 


Table  3-4.  Length  of  the  narrow  channel  as  a  function  of  the  angle  of  incidence  t|/0  at  the 
point  of  impact. 


No.a 

Calibre 

Va 

[m/s] 

A  b 

Cno 

[-] 

4c c 

[mm] 

d 

Vo 

[°] 

4c e 

[mm] 

VJq f 

[1/m-kg] 

1 

7.62  x  51 

760 

40 

2.30 

81 

1.45 

92 

6.9 

102 

0.73 

2 

7.62  x  39 

680 

36 

1.75 

84 

0.94 

83 

9.08 

94 

0.65 

3 

5.56  x  45 

930 

55 

2.10 

64 

1.15 

67 

24.90 

80 

0.55 

930 

32 

2.10 

74 

0.73 

93 

0.31 

4 

5.56  x  45 

905 

32 

2.65 

53 

2.20 

72 

20.57 

905 

55 

2.65 

30 

5.30 

44 

3.20 

5 

5.56  x  45 

875 

45 

2.50 

81 

0.77 

75 

19.13 

6 

5.45  x  39 

870 

36 

3.00 

62 

1.55 

73 

20.74 

a  The  numbers  correspond  to  the  drawings  of  bullets  in  Fig.  3-24. 
b  Twist  length,  measured  in  calibres. 
c  Determined  empirically  (range:  30  m). 
d  Determined  from  the  data  obtained  empirically. 
e  Calculated  taking  t|/0  =  1°. 

Length  of  bullet  divided  by  lateral  moment  of  inertia  multiplied  by  10. 

1  A  full  explanation  of  this  system  of  equations  is  to  be  found  in  the  previous  edition  of  the 
present  work.  SELLIER  K.j\  KNEUBUEHL  B.,  Wundballistik  und  ihre  ballistischen  Grundlagen, 
Springer-Verlag,  Berlin,  2nd  edition,  2001 
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Fig.  3-25.  Relationship  between 
the  length  of  the  narrow  channel 
and  the  impact  conditions,  y  axis: 
Length  of  the  narrow  channel  (fNC). 
x  axis:  v0,  and  angle  of  incidence 
(\|/0)  on  impact. 


Table  3-4  lists  the  results  of  the  experiments  and  of  the  calculations  based  on 
them.  For  bullets  1  to  4,  those  shots  that  had  yielded  the  longest  and  shortest 
straight  narrow  channels  were  selected  from  six  shots.  The  values  for  bullets  5  and 
6  are  typical  individual  values. 

Plausible  values  were  obtained  for  the  angle  of  incidence,  even  when  (in  the 
case  of  bullets  3  and  4)  the  same  bullets  were  fired  with  varying  degrees  of  stabil¬ 
ity  (achieved  by  using  barrels  with  different  twist  lengths). 

Using  this  system  of  equations,  it  is  also  possible  to  calculate  the  influence  of 
the  impact  conditions  and  the  bullet  parameters,  if  the  latter  are  more  or  less  con¬ 
stant.  From  Fig.  3-25,  we  can  see  that  -  under  this  condition  -  the  length  of  the 
narrow  channel  is  greatly  influenced  by  the  angle  of  incidence  but  -  within  a  cer¬ 
tain  range  -  is  affected  only  minimally  by  the  impact  velocity.  Likewise,  the  drag 
coefficient  of  the  bullet  C*do  can  vary  across  a  wide  range  without  significantly 
affecting  the  length  of  the  narrow  channel,  whereas  C*no,  the  bullet  parameter  that 
determines  lateral  force,  has  a  very  pronounced  effect  (see  Fig.  3-26). 

Example:  According  to  WARKEN  (1982),  the  mean  angle  of  incidence  at  30  m  for  a  7.62  mm 
NATO  round  is  0.95°.  An  extensive  series  of  experiments  conducted  by  the  author 

^NC 


Fig.  3-26.  Relationship  between  the 
length  of  the  narrow  channel  (fNC)  and 
bullet  parameters. 

C*D(f  Drag  coefficient  relative  to 
effective  surface  in  contact  with  the 
medium. 

1  2  3  4  5  6  [-]  CJ|0  C*N0:  Corresponding  lateral  force 

1  2  3  [-]  C£0  coefficient. 
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(KNEUBUEHL)  yielded  a  mean  narrow  channel  length  of  85  mm  for  the  same  bullet  at 
the  same  distance. 

One  obtains  the  same  length  from  the  equations  above  if  the  (plausible)  value  of 
2.3  is  used  for  the  constant  C*no-  As  we  have  seen,  the  other  constants  are  of 
secondary  importance. 


Relationship  between  narrow  channel  length  on  the  one  hand  and  the  length 
of  the  bullet  and  its  lateral  moment  of  inertia  on  the  other.  For  a  given  angle 
of  incidence,  the  point  at  which  the  bullet  starts  to  yaw  in  a  dense  medium  de¬ 
pends  largely  on  the  ratio  of  bullet  length  to  lateral  moment  of  inertia  (fg/Jq).  This 
ratio  is  shown  in  Table  3-4,  together  with  the  corresponding  narrow  channel 
length,  calculated  using  the  system  of  equations  described,  with  a  constant  angle 
of  incidence. 

It  is  now  possible  to  write  an  equation  for  the  relationship  between  the  quotient 
fg/Jq  (calculated  from  the  bullet  characteristics)  and  the  calculated  length  of  the 
NC  €nc  for  the  bullet  concerned.  At  a  range  of  30  m: 


(3.2:17) 


=  31.6' 


where  r  =  0.98  .  [m] 


The  first  thing  that  becomes  apparent  is  that  the  smaller-calibre  bullets,  Nos  3  and 
4,  produce  a  shorter  narrow  channel  than  the  7.62  mm  bullets.  This  is  due  to  the 
ratio  fg/Jq  being  higher  for  the  smaller-calibre  bullets.  Generally  speaking,  short 
bullets  and  bullets  with  a  high  lateral  moment  of  inertia  produce  long  narrow 
channels. 


When,  during  the  Vietnam  War,  the  US  forces  used  their  M  16  assault  rifle  with  the  corresponding 
ammunition,  and  saw  that  the  wounds  it  caused  were  considerably  more  severe  than  with  “con¬ 
ventional”  bullets,  the  reaction  was  to  blame  the  small  calibre  as  such  for  the  grim  wounding  po¬ 
tential  of  the  round.  That  this  conclusion  was  mistaken  is  clear  from  the  behaviour  of  newer  small- 
calibre  bullets  (e.g.  No.  5),  which  behave  significantly  better  in  terms  of  narrow  channel  and  de¬ 
formation  than  the  old  5.56  mm.  It  is  possible  to  influence  the  length  of  the  narrow  channel  sig¬ 
nificantly  by  modifying  the  parameters  of  the  bullet  (e.g.  its  moment  of  inertia)  and  the  twist 
length  of  the  weapon.  Or,  to  put  it  differently,  within  certain  limits  it  is  possible  to  produce  small- 
calibre  bullets  with  acceptable  behaviour. 


3. 2.3. 4  The  effect  of  the  sectional  density  of  a  bullet  on  the  shape  of 
the  temporary  cavity 

One  might  ask  what  happens,  in  terms  of  physics,  if  the  velocity  of  a  projectile  is 
increased  while  keeping  Eo  constant  (which  implies  reducing  mass).  In  order  to 
eliminate  any  effects  linked  to  the  angle  of  incidence,  we  shall  initially  just  look  at 
spheres. 

As  mentioned  above,  energy  transferred  per  cm  E'ab  is  given  by: 

E'ab  =  p  •  CD  •  —  •  E(s)  =  p  •  CD  ■  —  •  E(s)  . 
m  q 


(3.2:18) 


[J/cm] 
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Fig.  3-27.  Relationship  between  sectional  density  of  a  bullet 
and  shape  of  temporary  cavity.  Lowest  sectional  density  at  top, 
highest  at  bottom.  (Schematic,  after  SELLIER  1982). 


If  E(s)  remains  constant,  then  E'ab  depends  only  on  1/q  and  CD.  However,  q  is 
proportional  to  k,  which  means  that  as  the  calibre  of  the  sphere  decreases  the  sec¬ 
tional  density  will  also  decrease  and  hence  the  energy  transferred  E'ab  will  in¬ 
crease.  However,  if  E'ab  increases,  a  smaller  sphere  will  lose  more  energy  than  a 
larger  one,  which  means  that  penetration  depth  will  increase.  If  we  assume  that 
even  the  largest  of  the  spheres  used  comes  to  rest  inside  the  block  -  i.e.  it  transfers 
all  of  its  energy  to  the  block,  which  implies  that  Eab  is  the  same  for  every  sphere  - 
then  the  volume  of  the  cavity  will  also  be  the  same  for  every  sphere,  as  V  =  |i-Eab. 
However,  a  larger  value  of  E'ab  implies  a  greater  cavity  diameter,  as  we  saw  ear¬ 
lier. 

In  summary,  therefore,  smaller  spheres  produce  a  wound  channel  that  is  shorter 
but  has  a  larger  radius  of  destruction.  This  is  shown  schematically  in  Fig.  3-27 
(after  SELLIER  1982).  The  effect  of  high  levels  of  energy  being  transferred  in  the 
case  of  small  spheres  fired  at  very  high  velocities  is  accentuated  by  the  increase  in 
Cd  as  the  velocity  of  the  spheres  approaches  the  speed  of  sound  in  water  or  media 
with  a  high  water  content,  such  as  gelatine  and  tissue  (approx.  1500  m/s). 

At  these  very  high  velocities  a  further  effect  occurs,  which  also  tends  to  shorten 
the  wound  channel.  The  pressure  on  the  face  of  the  sphere  (the  stagnation  pres¬ 
sure)  is  proportional  to  velocity  squared.  At  about  2800  m/s,  the  stagnation  pres¬ 
sure  exceeds  the  resistance  of  steel,  and  the  sphere  fragments  in  the  tissue.  The 
fragments  now  form  separate  projectiles,  and  their  sectional  densities  are  lower 
than  that  of  the  sphere.  As  a  result,  they  are  subject  to  much  higher  deceleration. 
The  fragments  therefore  transfer  all  their  energy  over  a  very  short  penetration 
distance. 

Charters  and  Charters  (1976)  experimented  with  steel  spheres  6.35  mm 
and  3.18  mm  in  diameter  (1/4”  and  1/8”  respectively).  The  spheres  were  fired  at 
velocities  of  between  750  m/s  and  5510  m/s.  The  authors  confirmed  the  theoreti¬ 
cal  predictions  outlined  above;  if  spheres  with  the  same  energy  but  of  different 
mass  are  fired  at  a  target,  the  smaller  spheres  will  produce  shallower  cavities  at 
lesser  penetration  depths  but  with  larger  openings.  At  a  va  of  2850  m/s  and  above, 
the  steel  spheres  fragment.  As  mentioned  above,  the  resulting  fragments  achieve 
only  limited  penetration  depths  (see  Table  3-5). 
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Table  3-5.  Temporary  cavity  as  a  function  of  Ea.  (After  CHARTERS  and  CHARTERS  1976) 


Projectile 

0 

[mm] 

Va 

[m/s] 

Ea 

[J] 

0 

[cm] 

Max.  cavity 

Sec.  Area 
[cm2] 

Vol. 

[cm3] 

Penetration 

depth 

[cm] 

Condition  of 
projectile 

6.35 

750 

295 

7.1 

39 

423 

26.6 

Intact 

3.18 

1940 

234 

No  data 

15.6 

Intact 

3.18 

2090 

279 

8.6 

58 

561 

18.0 

Intact 

3.18 

2850 

518 

9.8 

75 

488 

5.2 

Fragmented 

3.18 

2880 

529 

No  data 

8.2 

Fragmented 

3.18 

5510 

1936 

14.3 

160 

1051 

7.4 

Fragmented 

We  can  draw  the  following  conclusions  from  Table  3-5:  If  the  sphere  remains  intact,  then  despite 
the  values  of  Ea  being  approximately  the  same,  a  smaller  sphere  penetrates  less  than  a  larger  one. 
See  Rows  1  and  3.  This  is  clear  from  Eqn  3.2:18.  At  a  velocity  of  2850  m/s  -  if  not  before  -  the  re¬ 
sistance  of  the  steel  is  exceeded.  The  sphere  fractures  and  penetration  depth  decreases  substan¬ 
tially,  for  the  reasons  mentioned  above. 

The  authors  saw  the  curve  of  Cd  (see  2. 1.4. 4,  Eqn  2.1:64)  as  a  function  of  the 
Mach  number  Ma.  According  to  Dubin  (1974),  the  value  of  Cd  in  a  medium 
ranges  from  approx.  0.38  where  Ma  <  0.8  to  1.0  where  Ma  >  1.  The  authors  con¬ 
clude  from  this  that  when  the  velocity  of  the  sphere  exceeds  the  speed  of  sound 
the  temporary  cavities  “suddenly”  become  substantially  shallower  (see  Eqn  3.2:18 
regarding  the  relationship  between  energy  transferred  on  the  one  hand  and  q  and 
Cd  on  the  other).  However,  this  statement  is  not  supported  by  the  measurements 
published  (Table  3-5).  The  results  for  the  fragmented  spheres  cannot  be  compared 
with  those  for  intact  spheres,  as  the  conditions  are  qualitatively  quite  different;  the 
sectional  density  decreases  as  a  result  of  the  fragmentation  (the  total  surface  area 
is  greater)  and,  in  accordance  with  Eqn  3.2:18,  more  energy  is  transferred,  causing 
the  penetration  depth  to  decrease  considerably.  As  a  result,  it  is  completely  impos¬ 
sible  to  compare  the  penetration  depths  of  the  intact  spheres  with  those  that  have 
undergone  fragmentation. 

The  authors’  (unconvincing)  conclusions  prompted  Fackler  et  al.  (1986)  to 
conduct  further  experiments.  Their  approach  was  as  follows:  If  one  were  to  com¬ 
pare  the  volume  of  the  first  part  of  the  temporary  cavity  -  from  the  entry  wound  to 
a  point  approximately  10  calibres  into  the  target  (Ventr)  ~  with  the  total  volume  of 
the  temporary  cavity  (Vtot),  then  the  quotient  Q  =  Ventr/Vtot  should  change  signifi¬ 
cantly  when  the  velocity  of  the  sphere  exceeds  the  speed  of  sound,  as  the  sharp  in¬ 
crease  in  Cd  at  this  point  (Ma  =  1)  would  also  cause  E'ab  to  change  suddenly,  as 
E'ab  is  proportional  to  Cd-  The  experiments  showed,  however,  that  the  function 
Q  va  produced  a  smooth  curve  to  within  the  tolerances  of  experimental  scatter. 
Table  3-6  presents  the  principal  results  of  the  experiments. 


However,  the  negative  results  of  the  experiments  conducted  by  FACKLER  et  al.  (i.e.  no  excessively 
large  cavity  diameter  at  supersonic  velocities)  does  not  of  itself  constitute  adequate  proof  that  the 
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Tabic  3-6. 

Results  of  experiments  with  6  mm  steel  spheres  (from  FACKLER  et  al.  1986) 

Va 

[m/s] 

Ea 

[J] 

vtot 

[cm3] 

Q a 

[-] 

Penetration 

depth 

[cm] 

Diameter  b 

[mm] 

392 

960 

330 

0.20 

41.0 

6.00 

537 

1124 

371 

0.23 

43.0 

6.00 

741 

1320 

890 

0.09 

48.0 

6.00 

918 

1470 

900 

0.09 

52.0 

6.00 

963 

1505 

1140 

0.09 

50.5 

6.14 

1107 

1614 

1175 

0.09 

49.0 

6.19 

1486 

1870 

1980 

0.06 

47.0 

6.24 

1675 

1985 

1690 

0.13 

30.5 

6.90 

3  Q  =  Ven,/V ,ot  (see  text). 

b  Diameter  of  sphere  after  experiment. 

phenomenon  does  not  exist,  for  the  following  reason: 

Substituting  p  =  1000  kg/m3,  q  =  15.6  kg/m2  (for  steel  spheres  3.18  mm  in  diameter),  Co  =  1 
and  Ea  =  234  J  into  Eqn  3.2:18  shows  that  after  only  1  cm  (just  under  2  calibres)  the  sphere  has  lost 
150  J,  which  means  that  it  has  slowed  to  below  the  speed  of  sound  in  less  than  1  cm  (at  the  speed 
of  sound,  a  3.18  mm  steel  sphere  possesses  about  140  J  of  energy).  The  authors  considered  the 
cavity  from  the  point  of  penetration  up  to  a  depth  of  10  calibres,  and  used  that  to  determine  Ventr 
empirically.  However,  most  of  that  volume  is  created  while  the  sphere  is  travelling  at  subsonic 
speeds.  Any  effects  attributable  to  the  sphere  moving  at  supersonic  speeds  would  be  hidden  by  the 
excessively  large  volume  taken  into  consideration  (corresponding  to  a  depth  of  10  calibres).  One 
must  therefore  use  a  volume  corresponding  to  a  smaller  penetration  depth  (approx.  2  calibres, 
according  to  rough  calculations)  to  calculate  the  quotient  Q  (see  above),  in  order  to  obtain  reliable 
results. 

It  is  clear  from  these  results  that  as  the  sectional  density  decreases,  the  initial  di¬ 
ameter  of  the  temporary  cavity  increases  and  the  penetration  depth  decreases.  Any 
sudden  increase  in  the  amount  of  energy  transferred  around  Ma  =  1  is  of  little  sig¬ 
nificance  for  the  effectiveness  of  normal  bullets,  as  the  velocity  of  such  a  bullet 
within  a  dense  medium  is  lower  than  the  speed  of  sound  (Ma  <  0.7). 

In  summary,  one  can  say  that  the  four  parameters  listed  below  are  required  in 
order  to  describe  the  effect  of  a  bullet,  and  that  the  extent  and  form  of  the 
temporary  cavity  -  factors  that  depend  on  the  energy  transferred  -  are  the  most 
important: 

1 .  Eab(s)  -  Energy  transferred  as  a  function  of  penetration  depth  (proportional 
to  the  total  volume  of  the  temporary  cavity  up  to  penetration  depth  s). 

2.  E'ab(s)  -  The  gradient  of  the  energy  transfer  function,  which  corresponds  to 
the  local  cross-sectional  area  of  the  temporary  cavity  at  s. 

3.  The  condition  of  the  bullet  during  penetration  (intact,  deformed  or  frag¬ 
mented). 

4.  Penetration  depth. 
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3.2.4  The  effect  of  bullet  design  on  behaviour 

3. 2.4.1  Categories  of  bullet 

In  this  section,  we  shall  discuss  the  changes  that  a  bullet  can  undergo  when  pene¬ 
trating  and  passing  through  tissue,  ballistic  soap  and  gelatine.  We  have  already 
looked  at  the  general  behaviour  of  deforming  and  fragmentation  bullets  in  3. 2.2.1 
(rifles)  and  3. 2. 2.2  (handguns). 

The  factors  that  determine  the  nature  and  degree  of  the  changes  that  a  bullet 
undergoes  are  its  design,  its  impact  energy  and  certain  characteristics  of  the  target 
medium. 

As  far  as  changes  in  shape  are  concerned,  we  can  divide  bullets  into  three  cate¬ 
gories: 

-  shape-stable; 

-  deforming; 

-  fragmenting. 

Generally,  we  distinguish  between  deformation  and  fragmentation  by  looking  at 
the  mass  of  the  largest  fragment  remaining  after  impact.  If  the  mass  of  this  frag¬ 
ment  is  equal  to  at  least  90%  of  the  original  nominal  mass  of  the  bullet,  we  speak 
of  deformation  rather  than  fragmentation. 

As  regards  their  design,  bullets  can  be  divided  into  the  following  categories 
(see  also  2.2.2. 1,  Fig.  2-9  and  the  overview  of  bullet  types  and  names  in  A. 5): 

-  solid  bullets; 

-  full  metal-jacketed  bullets  (FMJ)  -  lead  core,  with  jacket  covering  all  but 
the  tail; 

-  semi-jacketed  bullets  (SJ)  -  lead  core  exposed  at  tip; 

-  hollow-point  bullets  (HP)  -  cavity  in  tip; 

-  solid  bullets  -  bullets  made  of  a  single  material  and  designed  to  deform  on 
impact. 

However,  many  modern  bullets  -  especially  those  designed  for  hunting  -  cannot 
be  assigned  to  one  of  these  groups  (see  Fig.  2-24  for  examples). 

3. 2.4. 2  Deformation  and  fragmentation;  general  points 

Until  some  point  in  the  second  half  of  the  20th  Century,  it  was  generally  possible 
to  predict  the  behaviour  of  a  bullet  from  its  design,  as  long  as  it  hit  the  target  at 
design  velocity.  One  could  assume  that  semi-jacketed  and  hollow-point  bullets 
would  deform  or  fragment  on  impact  with  soft  tissue  or  equivalent  simulants. 
There  are,  however,  good  reasons  for  designing  bullets  of  these  types  that  are  not 
intended  to  deform,  or  for  which  deformation  would  in  fact  be  undesirable. 
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If  the  most  important  factor  is  accuracy,  then  it  is  the  tail  of  the  bullet  that  must  be  manufactured 
to  close  tolerances,  more  than  the  tip.  The  jacket  is  manufactured  by  drawing,  and  in  such  a  case  it 
is  useful  if  the  tail  rather  than  the  tip  can  be  drawn.  However,  this  requires  that  the  lead  core  be  in¬ 
troduced  via  the  tip,  which  results  in  a  bullet  with  an  open  tip,  with  the  lead  core  exposed  to  a 
greater  or  lesser  extent.  The  Sierra  Matchking  is  a  typical  example  of  this  type  of  bullet. 

Certain  types  of  sport  shooting  (such  as  dynamic  and  silhouette  shooting)  involve  firing  at  tar¬ 
gets  made  of  hard  materials.  For  reasons  of  safety,  it  is  important  to  minimize  the  risk  of  ricochets. 
Solid  lead  and  semi-jacketed  bullets  with  exposed  lead  tips  deform  much  more  on  hitting  hard  tar¬ 
gets  than  do  full  metal-jacketed  bullets,  and  hence  are  significantly  less  likely  to  ricochet.  The  risk 
of  jacket  fragments  flying  back  towards  the  shooter  is  also  reduced. 

Today,  appropriate  choice  of  copper  alloy  for  the  jacket,  lead  alloy  for  the  core 
and  shape  of  bullet  make  it  possible  to  manufacture  semi-jacketed  and  hollow- 
point  bullets  which,  at  the  normal  impact  energies  for  the  calibre  concerned,  either 
do  not  deform  at  all  or  else  deform  so  little  that  the  cross-sectional  area  does  not 
increase.  This  means  that  it  is  now  virtually  impossible  to  predict  whether  a  bullet 
will  deform  in  a  given  target  medium  purely  on  the  basis  of  its  design. 

With  deforming  bullets,  the  increase  in  cross-sectional  area  depends  not  only 
on  bullet  design  but  also  -  to  a  very  large  extent  -  on  the  impact  velocity  va.  Im¬ 
pact  velocity  is  often  ignored  when  discussing  the  behaviour  of  bullets. 

Examples :  When  a  38  Spl  HP  bullet  fired  from  a  long-barrelled  revolver  hits  a  soft  target,  it  de¬ 
forms  as  required.  The  same  bullet,  with  the  same  cartridge,  but  fired  from  a  short- 
barrelled  revolver,  hardly  deforms  at  all  on  hitting  the  same  target,  as  it  is  travelling 
much  more  slowly. 

A  hunting  bullet  that  deforms  as  required  at  normal  velocity  penetrates  the  body 
without  deforming  if  it  is  fired  into  the  air  and  falls  tip-down.  Its  velocity  under  these 
conditions  is  approximately  120  m/s  -  terminal  velocity. 

We  can  therefore  assign  two  velocity  thresholds  to  every  deforming  bullet:  the 
first  (vd5o)  is  the  velocity  at  which  the  increase  in  cross-sectional  area  is  only  half 
as  great  as  before  and  the  second  (vdo)  is  that  below  which  the  bullet  does  not  de¬ 
form  at  all.  The  first  threshold  could  limit  the  practical  range  for  hunting.  For 
fragmentation  bullets,  there  is  a  further  threshold  velocity:  that  below  which  no 
fragmentation  takes  place. 

In  a  soft,  dense  medium,  deformation  is  affected  not  only  by  impact  velocity 
but  also  by  the  time  for  which  the  bullet  tip  is  subjected  to  pressure.  Under  certain 
circumstances,  a  bullet  can  pass  through  a  thin  layer  of  material  so  quickly  that 
there  is  no  time  for  the  work  required  for  deformation. 

Example :  A  wax  candle  that  pierces  a  thin  board  at  high  speed  undergoes  virtually  no  deforma¬ 
tion,  as  the  impact  time  is  very  short  and  the  force-time  integral  hence  very  small.  Any 
attempt  to  push  the  candle  through  the  board  slowly  would  completely  deform  it. 

The  design  of  the  bullet  and  the  materials  of  which  it  is  made  both  play  a  decisive 
role.  Solid  bullets  made  of  copper  alloys  deform  significantly  faster  than  do  con¬ 
ventional  semi-jacketed  or  hollow-tip  bullets  with  lead  cores. 
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3. 2.4.3  Experimental  results 

Rifles.  Under  certain  conditions,  jacketed  spitzer  bullets  for  rifles  -  especially  for 
small  calibres  -  can  deform  or  even  disintegrate.  As  long  as  this  type  of  bullet 
passes  through  the  medium  normally  -  i.e.  tip  first  -  the  favourable  ballistic  shape 
of  the  tip  endures  that  the  forces  on  the  bullet  remain  relatively  small.  If  the  angle 
of  incidence  increases,  however,  the  bullet  will  present  a  larger  surface  area  to  the 
medium.  If  the  bullet  is  perpendicular  to  its  direction  of  travel,  a  large  force  (up  to 
a  few  tens  of  kilonewtons)  will  be  acting  on  a  narrow  meridian  surface  along  the 
side  of  the  bullet.  Depending  on  the  impact  velocity  and  the  design  of  the  bullet, 
this  pressure  can  compress  the  bullet,  squeezing  lead  out  of  the  rear,  and  the  bullet 
may  break  at  the  cannelure.  If  the  forces  are  sufficiently  large,  the  jacket  will  be 
ripped  open.  This  behaviour  only  occurs  at  short  range,  however  (i.e.  up  to  around 
50  m). 
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Fig.  3-28.  Deformation/fragmentation  of  a  5.56  x  45  (223  Rem.)  M193  bullet  as  a  function  of 
impact  velocity  (with  kind  permission  of  FACKLER). 
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Fig.  3-29.  Deformation  of  the  tail  of  a  bullet  in  gelatine  as  a  function  of  impact  velocity 
(Kneubuehl).  From  left  to  right:  600  m/s,  630  m/s,  670  m/s,  690  m/s  and  710  m/s  (7.62  x  39 
bullet). 


At  low  impact  velocities  (i.e.  less  than  approx.  500-600  m/s)  the  bullet  remains 
undeformed  and  intact,  even  after  turning  through  90°. 

Fig.  3-28  contains  an  instructive  presentation  of  the  results  of  bullet  disintegra¬ 
tion  from  Fackler  et  al.  (1988b).  The  points  made  above  are  illustrated  very 
clearly  by  the  state  of  the  bullets  and  bullet  fragments  (5.56  x  45  M193). 

It  is  clear  from  the  photos  that  crushing  is  much  more  pronounced  in  the  rear, 
cylindrical  part  of  the  bullet  than  in  the  leading  part,  the  ogive.  This  is  primarily 
because  the  tip  is  stiffer  and  because  the  tail  is  either  open  or  else  sealed  simply 
by  a  thin  brass  disc. 

It  is  interesting  to  note  that  deformation  depends  not  on  the  calibre  or  form  of 
the  bullet  but  merely  on  its  design  (full  metal-jacketed,  lead  core).  Similar  defor¬ 
mation  is  observed  with  7.62  x  39  and  7.62  x  51  bullets  at  the  same  range  of 
speeds  (see  Figs  3-29  and  3-30).  The  velocity  at  which  changes  in  shape  begin 
(approx.  600  m/s)  remains  approximately  the  same.  In  forensics,  this  behaviour 
can  be  used  to  estimate  the  impact  velocity.  Bullets  of  the  type  under  investigation 
are  fired  into  soap  or  gelatine  repeatedly,  adjusting  the  velocity  until  the  deforma¬ 
tion  of  the  test  bullet  matches  that  of  the  bullet  from  the  crime  scene.  This  is  then 
the  approximate  impact  velocity  (Fackler). 

Handguns.  The  velocity  of  full  metal-jacketed  bullets  fired  from  handguns  is 
generally  substantially  lower  than  the  threshold  of  500-600  m/s  mentioned  above. 
As  a  result,  the  bullet  undergoes  no  change  in  shape  when  fired  into  a  soft  me¬ 
dium.  However,  deforming  bullets  deform  in  accordance  with  velocity  and  pene¬ 
tration  depth. 


Fig.  3-30.  Defonnation/fragmentation  of  a  British  7.62  mm  L2A2  NATO  bullet  in  water  as  a 
function  of  impact  velocity  (with  kind  permission  of  Lucien  Haag). 
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Fig.  3-31.  Deformation 
of  an  SJHP  bullet 
(NORMA  No.  689,38) 
after  passing  through  20% 
gelatine,  as  a  function  of 
the  thickness  of  the 
gelatine  sheet  (x-axis)  and 
velocity  (y-axis). 


Fig.  3-32.  Bullets  from 
Fig.  3-31.  Left:  an  unused 
bullet. 

This  is  illustrated  by  the  results  of  systematic  experiments  (Sellier  1982)  that 
involved  firing  NORMA  SJHP  bullets  into  20%  gelatine  blocks  of  various  thick¬ 
nesses  at  various  velocities.  The  results  are  shown  in  Figs  3-31  and  3-32  (see  also 
Ragsdale  and  Sohn  1988,  for  instance).  It  is  apparent  that  for  a  constant  impact 
velocity,  deformation  of  the  bullet  becomes  increasingly  marked  as  the  thickness 
of  the  layer  through  which  it  passes  increases  (up  to  a  certain  limit),  as  long  as 
impact  velocity  does  not  fall  below  200  m/s.  Below  that  velocity,  this  particular 
type  of  bullet  does  not  deform. 

Handguns  clearly  illustrate  the  greater  tendency  of  solid  copper-alloy  bullets  to 
deform,  by  comparison  with  conventional  lead-cored  deforming  bullets.  Solid 
copper  bullets  achieve  maximum  effectiveness  (and  hence  maximum  deforma¬ 
tion)  after  penetrating  just  2  to  4  cm,  whereas  this  only  occurs  after  4  to  6  cm  with 
lead-cored  bullets  (see  Fig.  3-33). 

The  first  point  of  maximum  energy  transfer  occurs  somewhat  earlier  with  non-deforming  full 
metal-jacketed  bullets  (greater  energy  for  almost  the  same  sectional  density). 

Deformation  and  penetration  depth  are  also  related  to  velocity  in  the  case  of  solid 
bullets.  As  impact  velocity  decreases,  so  does  the  diameter  of  the  bullet  tip  after 
impact,  until  a  point  is  reached  at  which  the  bullet  remains  shape-stable.  With  the 
9  mm  Luger  Action  4  bullet,  for  example,  this  point  comes  at  around  230  m/s 
(Kneubuehl  and  Glardon,  2010,  see  Figs  3-34  and  3-35). 

It  is  interesting  to  note  the  change  in  the  depth  to  which  the  bullet  penetrates 
ballistic  soap.  This  remains  virtually  constant  at  velocities  of  400  to  460  m/s  (tip 
diameter  of  between  12.5  and  11  mm)  but  increases  as  the  velocity  drops  further, 
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Fig.  3-33.  Position  and 
magnitude  of  maximum 
effectiveness. 

■  Solid  bullets. 

A  Lead-cored  bullets. 
♦  Full  metal-jacketed 
bullets. 

(KNEUBUEHL  1999a). 
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reaching  a  maximum  at  approx.  270  m/s  (see  Fig.  3-34)  before  starting  to  decrease 
again. 

The  increased  penetration  depth  is  accounted  for  by  the  increase  in  sectional  density  that 
accompanies  the  decrease  in  diameter.  This  factor  clearly  has  a  greater  influence  than  does  the 
falling  energy  level. 


3.2.5  Patterns  in  bullet  wounds  to  bones 


If  a  bone  is  hit  by  a  bullet  of  which  the  calibre  is  less  than  the  diameter  of  the 
bone,  fracture  is  caused  primarily  by  hydraulic  pressure  in  the  bone  marrow.  In 
the  absence  of  bone  marrow  (e.g.  in  the  case  of  the  shoulder  blade),  the  bullet 


Impact  velocity  [m/s] 


Fig.  3-34.  Tip  diameter 
of  an  Action  4  bullet  after 
impact,  as  a  function  of 
impact  velocity  (black 
line)  and  corresponding 
penetration  depths  in 
ballistic  soap  (grey  line). 
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Fig.  3-35.  A  number  of 
bullets  from  the  experiment 
in  Fig.  3-34,  with  the 
m/s  corresponding  velocities. 
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Fig.  3-36.  Entry  wound  side  of  plastic  bone. 
Left:  9  mm  Luger  full  metal-jacketed  bullet 
(impact  energy  approx.  500  J).  Right:  7.62  mm 
NATO  full  metal-jacketed  bullet  (impact 
energy  approx.  3  200  J).  A  5  cm  covering  of 
gelatine  was  used  in  both  cases. 


generally  leaves  a  hole,  with  little  fissuration.  A  fracture  is  therefore  to  be  ex¬ 
pected  when  sufficient  pressure  can  be  created  in  the  marrow,  i.e.  when  the  pro¬ 
jectile  can  transfer  sufficient  energy. 

The  amount  of  energy  transferred  depends  on  both  the  total  available  energy 
and  the  time  for  which  the  bullet  remains  inside  of  the  bone.  This  time  is  inversely 
proportional  to  the  velocity  of  the  bullet. 

If  a  relatively  slow  full  metal-jacketed  bullet  from  a  handgun  impacts  the  bone 
in  stable  flight,  it  may  cause  as  much  damage  as  a  substantially  faster  stable  rifle 
bullet  carrying  significantly  more  energy.  Indeed,  it  may  even  cause  more  damage 
than  the  rifle  bullet.  See  Fig.  3-36. 

If  the  narrow  channel  of  a  rifle  bullet  passes  through  a  hollow  bone,  the  bullet 
will  lose  comparatively  little  energy  (some  200  J  at  an  impact  energy  of  approx. 
3000  J)  and  will  undergo  no  deviation.  The  narrow  channel  will  be  somewhat 
shorter,  but  any  decrease  in  the  size  of  the  temporary  cavity  will  be  virtually  un¬ 
detectable  (see  Fig.  3-37). 

Regardless  of  bullet  type,  the  damage  done  to  the  bone  by  the  pressure  build-up 
in  the  marrow  corresponds  approximately  to  the  dimensions  of  the  temporary  ca¬ 
vity  (see  Fig.  3-38).  The  pressure  inside  the  bone  will  propel  bone  fragments  in 
the  direction  of  the  shot  and  in  the  opposite  direction,  with  fragments  entering  the 
temporary  cavity.  Bone  fragments  possess  too  little  energy  to  create  their  own 
wound  channels  outside  the  temporary  cavity  -  they  do  not  act  as  secondary  pro- 


Fig.  3-37.  A  bone  pierced  by  a 
full  metal-jacketed  rifle  bullet. 
The  length  of  the  narrow  channel 
is  almost  identical  to  that 
observed  in  the  absence  of  bone 
(bullet  fired  from  left). 

E:  Bullet  entiy.  T:  Start  of 
temporary  cavity. 
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Fig.  3-38.  Bone  damage  corresponding  to 
the  extent  of  the  temporary  cavity. 
Semi-jacketed  rifle  bullet.  Shot  from  front 
left.  E:  Bullet  entry. 


Fig.  3-39.  Wound  channel  in  gelatine  after 
bullet  has  passed  through  bone  (model  skull). 
All  bone  fragments  lie  within  the  area 
previously  occupied  by  the  temporary  cavity. 


jectiles.  After  the  temporary  cavity  collapses,  the  particles  are  always  found 
within  the  damaged  tissue  (see  Fig.  3-39). 


3.2.6  Bullet  temperature  and  sterility 
3. 2. 6. 1  Historical  background 

The  following  discussion  is  based  on  the  work  of  THORESBY  and  Darlow  (1967). 

It  is  still  a  widely-held  belief  that  a  bullet  is  sterilized  by  being  fired,  and  remains 
sterile  until  it  reaches  its  target.  SPENCER  (1908)  stated  that  most  bullet  wounds 
were  initially  aseptic.  OGLIVIE  (1944)  assumes  that  bullets  are  generally  sterile. 
Slesinger  (1943)  speaks  of  high  velocity  bullets  as  having  a  clean  surface,  ster¬ 
ilized  by  heat.  But  as  early  as  1892,  Lagarde  had  stated  in  his  work  that  if  a  bul¬ 
let  is  not  sterile  before  firing,  it  will  not  be  sterile  after  firing.  He  based  his  con¬ 
clusions  on  the  work  of  German  army  doctor  VON  Beck,  who  had  shown  that  the 
maximum  temperature  of  a  bullet  was  approx.  110°C  and  that  bullets  contami¬ 
nated  with  septic  blood  infected  the  wound  channels  of  animals.  Lagarde  (1895) 
developed  his  conclusions  further  and  WOODRUFF  (1898)  introduced  into  wound 
ballistics  the  term  “cavitation,”  which  comes  from  maritime  technology  (see 
3. 2. 1.1),  partly  to  explain  the  suction  effect.  In  his  textbook,  Lagarde  (1914)  em¬ 
phasizes  that  a  bullet  wound  is  never  bacteriologically  clean.  In  experiments  using 
both  animals  and  gelatine,  Dziemian  and  Herget  (1950)  showed  that  barium  sul¬ 
phate  powder  and  various  dyes  could  be  detected  at  both  entry  and  exit  wounds, 
as  a  result  of  the  temporary  cavity.  ZlPERMAN  (1961)  came  to  the  same  conclu¬ 
sion.  In  his  work  on  tetanus  in  wounds,  and  on  the  basis  of  work  he  had  conducted 
previously  (1943),  MACLENNAN  (1962)  concluded  that  contaminated  clothing  was 
the  primary  source  of  infection  in  the  case  of  bullet  wounds. 
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3. 2.6. 2  Bullet  temperature 

There  are  two  relevant  questions  regarding  the  risk  of  infection  from  a  bullet: 

1.  What  is  the  maximum  temperature  that  a  bullet  can  reach  between  leaving 
the  cartridge  and  entering  the  body? 

2.  Is  a  bullet  sterile  on  impact,  or  not? 

To  some  extent,  the  answer  to  the  second  question  depends  on  the  answer  to  the 
first.  If,  for  instance,  the  maximum  temperature  at  the  surface  of  a  bullet  is  very 
high,  one  can  assume  that  the  bullet  will  be  sterilized  by  this  high  temperature. 

On  its  path  through  the  barrel,  the  air  and  the  target  body,  a  bullet  is  subjected  to  a 
number  of  factors  that  influence  its  temperature.  The  different  sources  of  heat  do 
not  affect  the  bullet  equally.  Two  sources  will  tend  to  raise  the  temperature  of  the 
bullets,  and  their  effects  are  additive. 

At  the  moment  of  firing,  the  base  of  the  bullet  is  exposed  to  the  hot  combustion 
gases.  Shortly  after  it  starts  to  move,  the  bullet  is  pressed  into  the  lands  of  the  bar¬ 
rel,  which  also  generates  heat. 

The  resistance  due  to  friction  as  the  bullet  moves  down  the  barrel  is  small  by  comparison  with  the 
engraving  resistance. 

Quantitatively  speaking,  the  situation  is  as  follows:  Lampel  and  Seitz  (1983) 
concluded  that  in  the  case  of  a  small-calibre  bullet  with  a  hard  jacket,  passing 
down  a  long  barrel,  some  7%  of  the  total  energy  from  the  propellant  is  used  to 
heat  the  bullet,  through  friction  in  the  barrel  and  heating  of  the  base  of  the  bullet 
through  direct  contact  with  the  combustion  gases.  With  a  larger-calibre  bullet,  a 
shorter  barrel  and  a  thinner  or  softer  jacket,  considerably  less  energy  is  converted 
into  heat.  Approximately  one  third  of  the  energy  delivered  by  the  propellant  is 
transferred  to  the  bullet  in  the  form  of  kinetic  energy.  See  Table  2-11. 

The  increase  in  temperature  that  a  bullet  undergoes  as  the  result  of  a  quantity  of 
heat  Q  being  applied  to  its  surface  can  be  estimated  using  the  following  formula: 

(3.2:19)  AT  =  — .  [K] 

cp  m 

where  cp  is  the  specific  heat  capacity,  m  the  mass  and  AT  the  change  in  temperature. 

If  Q,  Cp  and  m  are  known,  it  is  therefore  possible  to  calculate  the  temperature 
change  AT.  For  a  fully-jacketed  9  mm  Luger  bullet  with  0.35  g  of  propellant,  for 
instance,  the  total  propellant  energy  E,ot  is  1450  J.  According  to  Lampel  and 
Seitz,  7%  of  this  (101.4  J)  is  used  to  heat  the  bullet.  The  steel  jacket  of  the  bullet 
(“Schweizer  Ordonnanz”)  weighs  about  1.85  g  and  the  specific  heat  capacity  of 
steel  is  0.5  J/(g-deg).  Substituting  these  values  into  Eqn  3.2:19  yields  an  estimated 
temperature  increase  of  approximately  110  °C,  raising  the  temperature  of  the 
bullet’s  surface  to  approximately  130  °C. 
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On  leaving  the  barrel,  the  bullet  is  exposed  to  drag,  with  a  friction  component 
of  approx.  10  %.  From  the  energy  that  the  bullet  loses  during  its  trajectory  we  can 
therefore  calculate  the  amount  of  heat  transferred  to  the  bullet.  However,  the  air 
flowing  past  the  bullet  is  considerably  cooler  than  the  surface  of  the  bullet,  which 
means  that  heat  will  be  lost  to  convection.  As  far  as  we  are  aware,  no  research  has 
been  conducted  into  whether  temperature  increases  or  decreases  during  flight. 

Marty  et  al.  (1 994b)  used  infrared  thermography  to  measure  skin  temperature  at  the  entry  wound 
in  the  case  of  a  shot  from  close  range.  As  part  of  the  same  study,  they  also  succeeded  in  measuring 
the  temperature  of  a  bullet  in  flight.  The  surface  temperature  of  the  full  metal-jacketed  9  mm  Lu- 
ger  bullet  was  152  °C,  which  is  somewhat  higher  than  one  would  expect  from  the  calculation 
above.  Given  the  limited  distance  involved,  this  difference  cannot  be  ascribed  to  drag.  It  is  more 
likely  that  the  hot  gases  that  surrounded  the  bullet  after  it  left  the  barrel  (see  Fig.  2-47)  had  an  ad¬ 
ditional  heating  effect. 

The  situation  is  broadly  similar  with  rifle  bullets.  Lampel  and  Seitz  (1983)  state 
that  jacket  temperatures  of  up  to  approximately  170°C  are  possible.  If  one  bears  in 
mind  that  at  normal  ranges  these  temperatures  are  only  present  for  a  fraction  of  a 
second,  it  is  perfectly  possible  for  bacteria  to  survive  for  the  duration  of  a  bullet’s 
trajectory,  and  hence  for  infection  to  take  place,  especially  if  the  bullet  remains  in 
the  wound. 

3. 2.6.3  Bullets  contaminated  with  bacteria 

Experiments  carried  out  by  JOURNEE  et  al.  (1930)  showed  that  a  bullet  contami¬ 
nated  by  bacteria  was  capable  of  transferring  those  bacteria  to  the  target. 

Equipment  used:  1.  Gewehr  98  rifle,  7.9  mm,  spitzer  bullet  with  steel  jacket.  2.  7.65  Browning 
pistol.  For  some  experiments  the  bullets  were  fired  as  issued,  for  others  the  tip  was  machined 
down  and  a  cup  4  mm  in  diameter  was  inserted.  The  bullet  was  sterilized  in  a  Bunsen  burner  flame 
and  2  to  3  mm  of  a  Bacterium  prodigiosum  culture  were  deposited  on  it,  either  5  mm  from  the  tip 
(but  still  on  the  ogive)  or  in  the  cup.  The  target  consisted  of  a  7  cm  layer  of  cotton  wool,  with  a 
4  mm  steel  plate  behind.  This  was  wrapped  in  three  layers  of  filter  paper  and  the  assembly  was 
sterilized.  The  rifle  was  fired  from  a  distance  of  7.6  m,  the  pistol  from  2  m.  After  firing,  the  targets 
were  checked  for  bacteria  by  creating  a  culture  and  by  examining  them  under  a  microscope.  The 
bacteria  were  found  to  have  been  transferred  to  the  target  in  a  virulent  state  by  the  bullet. 

THORESB  Y  and  Darlow  (1967)  conducted  similar  experiments  using  blocks  of  gelatine.  Here 
again,  Bacterium  prodigiosum  was  used. 

This  type  of  bacterium  is  often  used  for  experiments,  as  it  forms  clearly  visible  red  colonies  in 
a  culture  medium  at  incubation  temperatures  of  under  30°C.  The  bacteria  are  heat  labile,  and  do 
not  survive  long  in  the  laboratory.  The  bullets  used  (22  Hornet,  m  =  2.9  g,  Vo  =  490  m/s)  were 
sterilized,  and  approximately  ten  of  these  heat-sensitive  organisms  were  deposited  on  the  head  of 
each.  The  gelatine  block  was  found  to  have  been  contaminated  along  the  entire  length  of  the 
wound  channel. 

WOLF  et  al.  (1978)  fired  solid  lead  and  copper  jacketed  38  bullets  contaminated  with  Staphylo¬ 
coccus  aureus  into  sterile  sand.  The  bacteria  were  transferred  to  the  sand. 

In  point  of  fact,  the  question  as  to  whether  a  bullet  is  sterile  or  contaminated  with 
bacteria  is  of  secondary  importance.  Even  if  the  bullet  were  to  be  sterile  on  im- 
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pact,  the  wound  would  become  infected  either  by  the  skin  carried  into  the  wound 
(skin  is  never  sterile)  or  by  fibres  from  clothing. 

Tian  et  al.  (1982)  conducted  experiments  on  this.  They  fired  5.56  mm  bullets  weighing  3.5  g  into 
both  hind  legs  of  dogs.  The  bacteria  used  were  Serratia  marcescens  (=Bacterium  prodigiosum). 
Pieces  of  soft  cloth  measuring  6X6  cm  were  soaked  in  the  bacteria.  In  the  first  series  of  experi¬ 
ments,  the  prepared  piece  of  cloth  was  placed  in  front  of  the  site  of  the  entry  wound  before  firing. 
After  the  experiment,  bacteria  were  found  all  along  the  wound  channel,  including  the  exit  wound. 
This  could  have  been  because  the  bullet  had  carried  contaminated  fibres  into  the  wound  channel, 
or  because  the  bullet  itself  had  become  contaminated  on  passing  through  the  cloth.  In  the  second 
series  of  experiments  the  cloth  was  placed  over  the  site  of  the  exit  wound.  The  exit  wound  was 
contaminated  in  all  cases.  The  middle  of  the  wound  channel  was  contaminated  in  almost  all  cases, 
and  in  the  majority  of  cases  the  entry  wound  was  also  contaminated,  which  clearly  showed  that 
bacteria  had  been  sucked  in  when  the  temporary  cavity  was  created,  rather  than  being  carried  in  on 
the  bullet. 


3. 2.6. 4  Burns  due  to  bullets 

The  information  above  regarding  the  temperature  of  a  bullet  indicates  that  it  is  not 
possible  for  a  bullet  to  bum  skin  on  impact  or  in  passing  through  the  skin,  espe¬ 
cially  when  one  considers  that  bullet  and  skin  are  in  contact  for  well  under  a  milli¬ 
second. 

Nevertheless,  one  sometimes  hears  doctors  unfamiliar  with  ballistics  state  that 
they  have  found  a  black  (“charred”)  ring  around  the  entry  wound,  and  that  this  is 
the  result  of  contact  with  the  hot  bullet.  What  is  interpreted  as  a  blackened  zone 
caused  by  charring  of  the  skin  is  in  fact  the  bullet  wipe  that  occurs  when  a  bullet 
penetrates  skin  without  first  passing  through  clothing.  When  this  occurs,  the  black 
gunshot  residue  on  the  bullet  is  wiped  off  on  the  edge  of  the  wound,  forming  a 
black  ring  that  could  look  like  charring. 

The  question  is  sometimes  raised  of  whether  the  residual  rotational  energy  of  a 
bullet  that  has  come  to  rest  in  the  body  is  capable  of  causing  heat  damage  to  the 
surrounding  tissue.  The  answer  is  no.  Rotational  energy  accounts  for  less  than 
0.5%  of  the  total  kinetic  energy  of  a  bullet.  With  a  7.62  mm  NATO  bullet,  for  in¬ 
stance,  this  equates  to  only  9  J  (see  Table  2-11). 


3.3 

Simulants 

3.3.1 

General 

In  the  context  of  wound  ballistics,  a  simulant  is  a  material  that  reacts  to  bullets  in 
a  manner  similar  to  tissue  as  regards  elasticity,  capacity  to  absorb  energy, 
strength,  etc.  Simulants  serve  to  model  the  physical  ballistic  aspect  of  wound  bal¬ 
listics. 
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The  density  p  of  the  simulant  must  be  similar  to  that  of  tissue.  Soap  and  gela¬ 
tine  have  densities  very  similar  to  that  of  muscle  (p  =  1.06  g/cm3).  Water  would 
be  suitable  in  terms  of  density,  but  not  as  far  as  its  other  properties  are  concerned. 

There  are  good  reasons  to  use  simulants  for  wound  ballistics  experiments 
rather  than  animals  or  cadavers.  Ethical  concerns  are  the  most  important.  A  fur¬ 
ther  argument  against  using  animals  is  that  tissue  is  not  homogenous,  which 
means  that  no  two  wound  channels  are  identical.  It  is  virtually  impossible  to  es¬ 
tablish  patterns,  and  a  large  number  of  experiments  are  required  in  order  to  draw 
statistically  valid  conclusions.  In  addition  to  which,  it  is  by  no  means  certain  that 
one  can  extrapolate  the  results  to  humans. 

By  contrast,  experiments  with  simulants  are  reproducible  and  it  is  possible  to 
establish  patterns  by  changing  parameters  in  a  systematic  fashion.  It  is  possible  to 
validate  the  simulant  by  comparing  the  results  of  experiments  with  cases  from  real 
life,  of  which  forensics  and  war  surgery  provide  all  too  many  examples. 

One  further  point  should  be  borne  in  mind  when  using  simulants.  Their  physi¬ 
cal  characteristics  (plasticity,  viscosity,  elasticity,  etc.)  are  homogenous  along  the 
entire  length  of  the  wound  channel,  whereas  the  body  consists  of  different  types  of 
tissue,  with  different  characteristics.  Interestingly,  this  has  little  effect  on  the 
physical  ballistic  behaviour,  particularly  the  energy  transferred,  unless  the  bullet  is 
moving  slowly.  However,  it  is  of  great  importance  when  interpreting  the  results 
from  a  medical  or  biological  point  of  view. 

One  can  make  a  broad  distinction  between  hard  tissue  and  soft.  By  hard  tissue 
we  mean  bone,  while  soft  tissue  consists  of  skin,  muscle,  internal  organs  such  as 
the  liver  and  kidneys,  and  brain.  The  different  types  of  soft  tissue  have  quite  dif¬ 
ferent  ballistic  characteristics.  Muscle,  for  instance,  is  fairly  elastic  and  tear-resis¬ 
tant.  The  kidneys  are  less  so  and  the  liver  is  especially  prone  to  tearing  when 
pierced  by  a  bullet;  being  well  supplied  with  blood,  it  bleeds  profusely.  From  a 
ballistics  point  of  view,  the  brain  can  be  compared  to  water  or  gelatine. 

Simulants  must  meet  the  following  requirements: 

1.  Experiments  must  be  reproducible  and  must  always  produce  the  same  re¬ 
sults  under  the  same  conditions. 

2.  The  dynamic  motion  of  the  bullet  and  the  reaction  of  the  medium  to  it  (e.g. 
deformation)  must  correspond  closely  to  the  situation  of  a  bullet  in  tissue. 

3.  The  values  of  the  physical  parameters  along  the  wound  channel  (decelera¬ 
tion,  force  and  timing)  must  be  close  to  those  encountered  in  real  life. 

Cost,  availability  and  ease  of  use  are  also  important.  Archival  (e.g.  for  teaching 
purposes)  may  be  relevant,  and  gelatine  is  completely  unsuitable  for  this  purpose, 
whereas  soap  is  ideal. 

Not  all  media  meet  all  of  the  above  requirements.  For  instance,  soap  is  com¬ 
pletely  incapable  of  showing  the  dynamics  of  the  temporary  cavity  but  is  well 
suited  to  quantitative  studies,  such  as  the  measurement  of  energy  transfer. 
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3.3.2  Gelatine 

3.3.2.1  Characteristics  and  fabrication 

Gelatine  is  a  protein  produced  by  submitting  collagen  to  an  irreversible  process 
that  renders  it  water-soluble.  It  is  usually  made  of  skin  or  bone.  The  raw  materials 
and  the  manufacturing  process  influence  such  characteristics  as  molecular  weight, 
isoelectric  point,  transmittance,  viscosity  and  gel  strength.  The  last  two  parame¬ 
ters  are  of  particular  relevance  to  the  use  of  gelatine  for  modelling.  While  gelatine 
batches  or  mixtures  are  homogenous,  various  types  of  gelatine  are  produced  in  the 
manufacturing  process,  as  is  the  case  with  petrochemicals,  and  the  manufacturer 
assembles  the  required  product  from  these  various  types. 

Gelatine  is  obtained  by  treatment  with  acid  or  alkali,  followed  by  extraction 
using  hot  water.  Gelatine  is  amphoteric;  it  reacts  to  an  electrical  field  like  a  kation 
in  an  acidic  solution  and  like  an  anion  in  an  alkaline  solution.  At  a  particular  pH 
value,  the  reaction  of  the  solution  is  neutral.  This  is  known  as  the  isoelectric  point. 
The  pH  value  of  the  isoelectric  point  depends  largely  on  the  treatment  to  which 
the  collagen  has  been  subjected.  If  it  has  been  treated  with  acid,  the  isoelectric 
point  lies  between  pH  7  and  9  (Type  A  gelatine),  whereas  treatment  with  alkali 
produces  a  Type  B  gelatine,  with  an  isoelectric  point  somewhere  between 
pH  4.7  and  5.4.  Gelatine  has  a  relative  molecular  mass  of  between  15,000  and 
250,000  D  (Dalton),  but  this  factor  can  be  influenced  by  the  manufacturing  process. 

The  gel  strength  of  the  gelatine  (which  is  of  importance  for  its  strength)  is 
measured  in  Bloom. 

The  Bloom  is  a  measure  of  the  strength  of  a  gel  and  is  defined  as  the  mass  of  a  cylindrical  probe 
with  a  diameter  of  12.7  mm  that  is  required  to  deflect  the  surface  of  the  gel  4  mm.  This  test  is  car¬ 
ried  out  on  a  sample  of  gel  with  a  concentration  of  6%  %  at  a  temperature  of  10  ±  0.1  °C. 

Gelatine  is  obtainable  at  strengths  of  50  to  300  Bloom.  That  used  for  ballistic  ex¬ 
periments  is  generally  Type  A,  250  to  300  Bloom.  The  strength  of  gelatine  also 
depends  on  temperature  and  concentration,  though  to  a  lesser  extent. 

Gelatine  is  a  polypeptide.  The  discovery  that  the  configuration  of  a  polypeptide  chain  is  greatly 
stabilized  by  the  formation  of  hydrogen  bonds  between  C=0  and  NH  groups  was  of  great  signifi¬ 
cance.  The  more  hydrogen  bonds  there  are,  the  more  stable  the  structure.  Existing  hydrogen  bonds 
are  broken  at  higher  temperatures  during  the  manufacturing  process,  or  when  the  material  is  dis¬ 
solved.  When  the  temperature  of  the  material  falls  below  the  gelling  temperature,  the  hydrogen 
bonds  re-form  and  the  gelatine  sets.  In  order  to  obtain  reproducible  results,  it  is  important  to  stan¬ 
dardize  the  production  of  gelatine  blocks  and  to  avoid  both  high  temperatures  (over  60  °C)  and  ex¬ 
tended  exposure  to  heat,  as  heat  causes  gelatine  to  deteriorate.  Thermal  deterioration  affects  such 
parameters  as  gel  strength  and  viscosity.  In  turn,  this  may  affect  the  strength  of  the  gelatine  block. 


3. 3.2.2  Fabrication  of  gelatine  blocks;  preparation  for  experiments 

Gelatine  is  used  to  determine  energy  transfer  and  to  observe  the  movement  of  the 
bullet  about  its  own  axis.  It  therefore  makes  sense  to  standardize  the  gelatine  used 
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for  ballistic  purposes,  in  order  to  ensure  that  results  from  different  laboratories  are 
comparable. 

One  suitable  gelatine  is  “Type  Ballistic  3  Photographic  Grade”  manufactured 
by  GEL1TA  AG,  69412  Ebersbach,  Germany  (gel  strength  245  to  275  Bloom,  vis¬ 
cosity  3.4  to  4.6  mPa-s,  pH  4.7  to  5.7). 

There  are  various  international  standards  concerning  the  ratio  of  water  to  gela¬ 
tine  and  the  temperature  at  which  to  conduct  experiments.  Fackler  and 
Malinowski  (1988b)  introduced  10%  gelatine  at  4  °C  as  a  standard,  while  NATO 
specifies  20  %  at  a  temperature  of  10°C  and  RUAG  Ammotec,  Fiirth,  also  use 
20  %  gelatine,  but  at  a  temperature  of  15  °C.  Gelatine  to  Fackler’s  specifications 
is  used  in  the  USA  and  in  a  number  of  ballistics  laboratories  in  Europe.  The  tech¬ 
nical  guidelines  of  the  police  technical  institute  at  the  German  police  college  in 
Munster  specify  the  use  of  RUAG  Ammotec  gelatine. 

There  are  also  a  number  of  different  standards  regarding  the  size  of  the  blocks 
used  in  experiments.  The  German  guidelines  mentioned  above  specify  for  hand¬ 
guns  20x20x30  cm  and  for  rifles  25x25x30  cm,  but  dimensions  of  15x15x30  cm, 
25x25x40  cm  (Kneubuehl)  and  25x25x50  cm  (Fackler)  are  also  common. 

The  process  of  producing  gelatine  blocks  consists  of  a  number  of  stages: 

-  Stir  the  gelatine  granules  into  cold  water,  ensuring  that  all  granules  are 
moistened.  Stop  stirring  as  soon  as  all  the  water  has  been  absorbed,  to  pre¬ 
vent  the  formation  of  bubbles. 

-  Allow  to  swell  for  1  to  2  hours. 

-  Heat  the  mixture  to  55  °C  in  a  bain  marie  or  heated  container,  without  stir¬ 
ring. 

-  Once  the  mixture  has  reached  the  specified  temperature,  stir  to  an  even  con¬ 
sistency.  A  preservative  (such  as  thymol  dissolved  in  ethanol)  can  be  added 
during  the  stirring  phase. 

-  Allow  air  to  rise  to  the  surface  by  letting  the  mixture  stand  at  a  temperature 
of  45  °C  to  55  °C.  Remove  the  froth  that  has  formed  on  the  surface. 

-  Pour  the  homogenous  solution  into  moulds  while  still  hot. 

-  Allow  the  gelatine  to  set  in  the  mould  overnight,  in  a  fridge. 

-  Before  use,  store  the  gelatine  blocks  for  at  least  18  hours  at  the  temperature 
specified  for  the  experiment.  Use  within  three  to  four  days. 

The  various  standards  contain  detailed  descriptions  of  the  fabrication  process. 

As  gelatine  is  produced  from  biological  material,  there  will  be  inconsistencies.  Manufacturers  even 
out  these  inconsistencies  by  mixing  several  types  of  gelatine,  in  a  manner  analogous  to  the  practice 
in  a  refinery,  ensuring  that  the  user  receives  gelatine  with  the  required  characteristics.  Neverthe¬ 
less,  there  will  be  variations  between  batches,  because  of  the  maximum  accuracy  that  can  be 
achieved  with  the  measuring  methods  used.  For  instance,  the  3  a  value  for  a  Bloom  measurement 
for  a  260  g  Bloom  gelatine  is  12  g  Bloom.  If  comparative  measurements  are  to  be  carried  out,  it  is 
therefore  best  to  use  the  same  batch  for  the  whole  series. 
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3. 3.2.3  Evaluating  gelatine  experiments 

Crack  length  method.  When  a  bullet  passes  through  a  gelatine  block  it  creates  a 
temporary  cavity.  Because  of  the  elasticity  of  the  gelatine,  the  cavity  collapses,  as 
it  does  in  muscle.  In  gelatine,  the  cavity  leaves  cracks  that  radiate  from  the  wound 
channel.  Studies  (conducted  mainly  by  Knappworst,  Dynamit  Nobel  AG)  have 
shown  crack  length  to  be  proportional  to  the  volume  of  the  temporary  cavity  and 
hence  to  the  energy  that  the  bullet  transfers  to  the  block  per  cm,  E'ab.  KNAPP¬ 
WORST  was  able  to  demonstrate  that  under  constant  conditions  we  can  write 

(3.3:1)  =  c-(E'ab),  [cm] 

where  Zr;  is  the  sum  of  all  crack  lengths  in  a  given  cross-section  i  of  the  block  and 
c  is  a  constant,  of  which  the  value  has  to  be  determined. 

If  we  measure  Zq  for  a  series  of  adjacent  sections  (e.g.  every  2.5  cm)  and  plot 
these  values  against  penetration  depth,  we  obtain  a  graph  as  shown  in  Fig.  3-40. 

The  choice  of  section  thickness  -  2.5  cm  in  this  example  -  is  arbitrary.  Ideally,  the  sections  should 
be  as  thin  as  possible,  but  thinner  sections  mean  expending  more  effort  on  analysis.  A  thickness  of 
2.5  cm  has  proved  to  be  a  reasonable  compromise  between  precision  and  effort. 

If  the  bullet  has  passed  right  through  the  block,  then  the  whole  block  will  exhibit 
these  radial  cracks.  The  total  length  of  all  cracks  (i.e.  not  just  the  total  length  for  a 
given  section)  is  equal  to  the  area  under  the  curve  (the  grey  area  in  Fig.  3-40).  For 
a  section  thickness  As,  and  taking  account  of  Eqn  3.3:1: 

(3.3:2)  Z(ZvAs)  =  c  •  X(E'ab  •  As)  . 

o  o 

The  left-hand  side  of  the  equation  corresponds  to  the  area  under  the  curve,  while 


Fig.  3-40.  Analysis  of  shots  fired  into 
gelatine  blocks,  using  KnappworST’s 
crack  length  method.  See  text  for  details. 
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Fig.  3-41.  Energy  transfer  (Eab)  and 
energy  transfer  per  unit  distance  (E'ab)  in 
gelatine  as  a  function  of  distance  travelled, 
for  an  SJHP  bullet  (after  KnappworST). 
Curve  1:  E'ab  in  5  cm  sections,  Curve  2:  Eab 
(total  E'ab). 


the  right-hand  side  (without  the  constant  c)  is  the  total  energy  transferred  to  the 
block,  Eab. 

Eab  is  the  difference  between  energy  on  impact  and  energy  on  exit,  which  can 
be  calculated  from  velocities  va  and  vc.  In  practice,  a  bullet  exiting  the  block  at  an 
angle  may  take  gelatine  with  it,  and  the  energy  of  this  gelatine  can  affect  the  value 
of  Eab. 

Because  we  know  the  left-hand  side  of  Eqn  3.3:2  (sum  of  all  crack  lengths)  and 
the  right-hand  side  (total  energy  transferred,  Eab),  we  can  now  calculate  the  con¬ 
stant  c  and  hence  use  Eqn  3.3:1  to  calculate  the  total  energy  transferred: 

(3.3:3)  (E'ab)j  =  --Xh-  [J/cm] 

c 

Using  Eqn  3.3:3,  we  can  now  calibrate  the  y  axis  of  Fig.  3-40  for  E'ab  [J/cm] 
rather  than  for  total  crack  length  (see  Fig.  3-41,  left-hand  y  axis). 

This  graphic  shows  not  only  E'ab  (which  KNAPPWORST  terms  Eab/s),  on  the  left- 
hand  y  axis,  but  also  the  total  energy  transferred  up  to  the  point  under  considera¬ 
tion  (Curve  2,  right-hand  y  axis). 

Fackler’s  wound  profile.  This  method  can  be  seen  as  complementary  to  the 
method  of  analysing  experiments  with  gelatine  described  above.  Fackler  in¬ 
cludes  four  elements  of  the  effect  of  the  bullet  on  gelatine  (representing  tissue): 

-  Penetration  depth. 

-  Deformation  and  fragmentation  (if  any). 

-  Size  (diameter)  of  the  temporary  cavity. 

-  Size  (diameter)  of  the  permanent  wound  channel. 
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Fig.  3-42.  Gelatine  block  after  firing,  a.  In  direction  of  shot.  The  cracks  are  clearly  visible, 
b.  from  the  side.  Here,  the  “pockets”  fonned  by  the  cracks  are  visible. 


The  sizes  of  the  temporary  cavity  and  of  the  permanent  wound  channel  can  be 
determined  fairly  clearly  from  the  cracks  in  the  gelatine  (Fig.  3-42  a,  b).  This  is 
used  to  derive  the  graphics  in  Figs  3-43  a,  b  and  in  Fig.  3-44  a,  b).  Fackler 
(Fackler  and  Malinowski,  1985)  calls  the  description  of  all  these  effects  the 
“wound  profile.”  Fie  included  the  entire  wound  channel  in  all  instances. 
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Fig.  3-43  a,  b.  FACKLER’s  wound  profile  (1988).  The  illustrations  are  self-explanatory.  The 
cartridge  used  is  shown  in  the  top  right-hand  comer,  together  with  its  ballistic  data. 

(Continued  on  next  page). 
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Fig.  3-44  a,  b.  Continued. 
Wound  profiles  for  two  hand¬ 
gun  bullets. 


3.3.3  Glycerine  soap  (ballistic  soap) 

3. 3.3.1  Characteristics  and  fabrication 

Conventional  soaps  are  mixtures  of  solid,  water-soluble  sodium  salts  of  various 
higher  fatty  acids.  The  only  soaps  that  can  be  used  for  wound  ballistics  experi¬ 
ments  are  glycerine  soaps  (moulded,  transparent  soaps).  Producing  this  type  of 
soap  is  relatively  complex,  but  by  mixing  the  constituent  fats  and  oils  with  care,  it 
is  possible  to  maintain  consistency  over  periods  of  many  years,  which  is  an  im¬ 
portant  precondition  for  accuracy. 

The  main  raw  materials  are: 

-  coconut  oil  (lauric  acid  with  small  percentages  of  other  acids),  tallow,  castor 
oil  (ricinoleic  acid)  and  stearin  (palmitic  and  stearic  acid). 

Other  constituents: 

-  glycerine,  sucrose,  ethylene  glycol,  ethanol,  water  and  sodium  hydroxide. 

The  fatty  acids  are  transformed  into  soap  by  boiling  in  sodium  hydroxide.  The 
fatty  acid  content  of  ballistic  soaps  varies  between  39%  and  43%,  but  water  and 
alcohol  are  also  present  in  varying  proportions.  It  is  possible  to  modify  the  density 
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and  softness  of  a  soap  by  varying  its  components.  This  allows  us  to  achieve  the 
penetration  depth  required  for  a  particular  calibration  shot.  It  is  therefore  perfectly 
possible  to  standardize  ballistic  soap. 

Depending  on  its  composition,  the  density  of  new  soap  (1  to  3  weeks  old)  lies 
between  1060  and  1100  kg/m3  at  room  temperature.  The  mechanical  properties 
are  of  secondary  importance  for  the  uses  to  be  described  here.  Soap  has  a  very  low 
limit  of  elasticity  (0.5  N/mnr),  which  is  an  indicator  of  its  plastic  behaviour.  The 
important  parameters  in  connection  with  the  motion  of  a  bullet  are  the  speed  of 
sound  in  the  medium  and  its  viscosity.  Both  are  closely  related  to  temperature,  and 
both  decrease  as  temperature  increases  (CORTHESY  1985,  1987,  see  Fig.  3-45). 

The  deformation  of  soap  due  to  the  passage  of  a  bullet  is  almost  entirely  plas¬ 
tic,  and  the  wound  channel  only  collapses  very  slightly.  This  gives  us  a  direct  im¬ 
age  of  the  temporary  cavity,  on  which  we  can  readily  take  measurements. 

3. 3.3. 2  Ageing 

Soap  can  be  stored  for  comparatively  long  periods,  but  some  of  its  properties  do 
change  over  time.  Because  the  components  that  evaporate  fastest  during  drying 
are  alcohol  and  water,  the  soap  becomes  denser  over  time  (rising  to  1150  kg/m3 
after  approx,  four  years).  This  is  accompanied  by  an  increase  in  the  speed  of 
sound  in  the  medium  (CORTHESY  1985,  see  Fig.  3-46). 

As  the  physical  properties  of  soap  only  change  slowly,  it  can  be  used  for  up  to 
six  months  with  no  loss  of  accuracy,  depending  on  storage  conditions.  The  be¬ 
haviour  of  the  bullet  (movement,  deformation,  fragmentation)  remains  the  same. 
The  only  difference  is  that  the  cavity  volumes  will  be  slightly  smaller  with  older 
soap,  because  the  bullet  encounters  more  resistance  when  penetrating  the  drier 
outer  layer.  It  is  possible  to  delay  the  onset  of  this  effect  by  removing  that  layer. 


Temperature  [°C) 


Fig.  3-45.  Speed  of  sound  (c)  in  soap  as  a 
function  of  the  temperature  of  the  soap. 


Fig.  3-46.  Speed  of  sound  (c)  in  soap  as  a 
function  of  the  age  of  the  soap. 
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3. 3. 3. 3  Evaluating  soap  experiments 

As  with  gelatine,  a  linear  relationship  between  the  volume  of  the  temporary  cavity 
and  the  energy  transferred  has  been  demonstrated  empirically  (see  also  2. 3. 7. 3, 
Martel’s  Theory).  In  order  to  measure  the  energy,  we  simply  need  to  measure 
the  volume  of  the  channel. 

The  easiest  method  is  to  slice  the  wound  channel  along  its  axis  and  then  take 
photographs.  The  diameter  can  then  be  measured  on  the  photograph  as  a  function 
of  penetration  depth.  As  the  cross-section  of  the  wound  channel  is  circular  (except 
at  the  end),  it  is  possible  to  perform  a  fairly  accurate  calculation  of  volume  as  a 
function  of  distance. 


The  channel  cross-section  becomes  elliptical  towards  the  end,  because  the  bullet  is  moving  more 
slowly,  but  if  one  takes  the  mean  diameter  for  this  section,  the  error  will  be  small. 

If  the  channel  is  sufficiently  large,  one  simple  method  of  measuring  volume  is  to 
fill  it  with  water  a  section  at  a  time.  The  shape  of  the  cross-section  is  then  irrele¬ 
vant  as  far  as  measuring  the  volume  is  concerned.  However,  it  is  also  possible  to 
cut  the  block  into  a  sufficient  number  of  slices  (as  for  the  crack  length  method 
when  using  gelatine),  to  measure  the  cross-sectional  areas  and  to  obtain  the  total 
volume  by  adding  them  together: 

(3.3:4)  V  =  ]T A'  +2Aj+'  -di  >  tcm3] 


where  A;  is  the  cross-sectional  area  at  the  start  of  the  ith  slice  [cm2]  and  d;  is  the 
thickness  of  the  same  slice  [cm].  Very  small  volumes,  such  as  those  left  by  small, 
low-energy  fragments,  can  be  calculated  from  the  penetration  depth  and  the  cross- 
sectional  area  of  the  start  of  the  channel.  From  Eqn  3.2:5,  it  is  reasonable  to  as¬ 
sume  that  the  boundary  of  the  volume  can  be  represented  by  an  exponential  func¬ 
tion.  Volume  is  therefore  given  by  the  following  equation: 


(3.3:5) 


V  = 


k  ■  £ . 


d?  -  d2 

ln(df)  -  ln(d2) 


[cm3] 


where  £s  is  the  penetration  depth,  dj  the  diameter  at  the  start  of  the  channel  and  di 
the  diameter  at  the  end. 

Another  point  to  bear  in  mind  when  measuring  volume  is  that  the  volume  in  the 
vicinity  of  the  entry  and  exit  points  will  be  larger  than  in  real  life,  as  the  bullet 
will  displace  material  towards  the  surface  of  the  block  as  it  penetrates,  and  again 
on  exit,  enlarging  the  channel.  To  obtain  reproducible  results,  it  is  important  that 
none  of  the  sides  of  the  block  swell  out,  as  this  would  allow  the  volume  to  in¬ 
crease  in  an  uncontrolled  manner. 

The  equation  below  gives  the  relationship  between  volume  and  energy  trans¬ 
ferred: 
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(3.3:6)  V  =  p  •  Eab  .  [cm3] 

The  proportionality  factor  p  remains  the  same  for  energy  levels  of  up  to  more  than 
2500  J,  regardless  of  the  type  of  bullet.  Fig.  3-47  shows  the  results  of  experiments 
conducted  with  a  wide  range  of  projectiles.  Calculating  p  by  means  of  linear  re¬ 
gression  yields  a  value  of  0.182  cm /J  (with  a  correlation  coefficient  rof  0.98). 
With  new  soap,  one  can  therefore  expect  values  of  0.16  to  0.2  cm3/J.  As  the  soap 
ages,  this  will  fall  to  around  0.12  cm /J. 

3.3.3.4  Using  soap  to  conduct  measurements 

As  there  is  a  relationship  between  energy  transferred  and  the  volume  of  the  cavity, 
soap  can  also  be  used  to  determine  velocity  and  energy.  We  can  derive  the  fol¬ 
lowing  directly  from  Eqn  3.3:6: 

(3.3:7)  Eab  =  I.V.  [J] 

E 

If  fresh  glycerine  soap  is  used,  mixed  so  as  to  allow  the  same  penetration  depth  as  1 0%  gelatine  at 
4°C,  we  can  substitute  a  value  of  5.5  to  6  J/cm3  for  1/p. 

We  can  increase  the  accuracy  of  the  measurements  by  firing  calibration  shots  of  known  energy 
transfer  into  the  soap  used.  Measuring  the  volumes  created  allows  us  to  determine  the  actual  pro¬ 
portionality  factor  1/p.  Experience  shows  that  the  values  lie  between  5.0  and  6.25  J/cm3.  If  the 
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Energy  transferred  [J] 

Fig.  3-47.  Relationship  between  the  energy  transferred  to  the  soap  Eab  and  the  volume  of  the 
cavity  created.  Irrespective  of  the  type  of  projectile,  a  linear  relationship  exists  between  the  two 
parameters  up  to  energy  levels  of  at  least  2500  J,  with  a  high  degree  of  correlation  (KNEUBUEHL). 
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projectile  transfers  large  quantities  of  energy  at  an  early  stage,  we  may  observe  lower  values 
(around  4). 

This  method  is  particularly  useful  where  more  usual  methods  of  measuring  veloc¬ 
ity  cannot  be  used,  e.g.  for  fragments  from  fragmentation  shells,  fragments  from 
the  rear  of  glass  surfaces,  fragmented  bullets  or  shotgun  pellets,  or  when  deter¬ 
mining  the  residual  energy  of  a  bullet  that  has  passed  through  an  object. 

The  soap  blocks  are  so  arranged  as  to  catch  the  relevant  projectiles.  From  the 
volume,  it  is  possible  to  use  Eqn  3.3:7  to  calculate  the  energy  transferred  and 
hence  the  impact  energy.  From  the  impact  energy  and  the  mass  of  the  projectile 
we  can  then  calculate  the  impact  velocity  (Kneubuehl  1990a). 

3.3.4  Comparison  between  soap  and  gelatine 

3. 3. 4.1  General 

A  number  of  studies  have  demonstrated  that  gelatine  and  soap  are  both  suitable 
simulants  for  wound  ballistics.  Flowever,  some  of  the  properties  of  the  two  media 
differ  quite  substantially.  This  raises  the  question  as  to  which  material  one  should 
use  for  which  purposes.  In  the  next  section,  we  shall  examine  the  advantages  and 
disadvantages  of  soap  and  gelatine,  together  with  the  differences  in  behaviour 
between  the  two  media. 

3. 3. 4. 2  Availability,  handling  and  measuring  techniques 

Gelatine  is  used  in  a  wide  variety  of  applications  (the  food  industry,  medicines, 
for  photographic  fdm,  etc.)  It  is  therefore  readily  obtainable,  in  a  range  of  quali¬ 
ties.  It  is  possible  to  store  gelatine  powder  for  relatively  long  periods  if  it  is  kept 
dry.  One  can  produce  gelatine  blocks  oneself,  although  they  can  only  be  stored  for 
a  short  period. 

In  order  to  use  soap,  one  needs  access  to  a  soap  manufacturer  prepared  to  pro¬ 
duce  soap  of  a  specific  composition  and  constant  quality.  Flowever,  as  soap  can  be 
kept  for  several  months,  good  stock  management  will  ensure  a  ready  supply. 

Soap  is  far  easier  to  handle,  and  experiments  with  soap  are  easier  to  analyse.  It 
is  also  less  sensitive  to  temperature,  which  makes  the  temperature  requirements 
for  experiments  less  stringent.  The  measurements  of  volume  that  must  be  con¬ 
ducted  in  order  to  determine  energy  transferred  are  easier  and  more  pleasant  than 
the  crack  length  method  generally  used  with  gelatine. 

Gelatine  is  more  suitable  for  observing  movement.  It  is  transparent  to  visible 
light  and  hence  allows  the  use  of  optical  methods  (film  and  photography,  see 
Fig.  3-48).  Most  types  of  soap  are  opaque  (as  is  tissue),  which  means  that  X-ray 
photography  or  electromagnetic  methods  must  be  used.  The  elasticity  of  gelatine 
means  that  it  only  permits  indirect  measurements  of  the  volume  of  the  temporary 
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Fig.  3-48.  A  bullet  passing  through 
gelatine.  The  orientation  of  the  bullet 
and  the  dynamics  of  the  temporary 
cavity  are  clearly  visible. 


cavity  (via  crack  lengths),  whereas  the  plastic  behaviour  of  soap  makes  it  possible 
to  measure  the  cavity  directly.  Each  simulant  has  its  advantages  and  disadvan¬ 
tages,  and  each  has  its  role  to  play  in  wound  ballistics  experiments. 

Gelatine  should  not  be  melted  down  and  re-used,  as  this  would  affect  repro¬ 
ducibility.  As  gelatine  consists  of  natural  materials  (water  and  protein)  it  can  be 
disposed  of  easily.  Soap  can  be  returned  to  the  supplier,  where  it  can  be  melted 
down  and  additional  raw  materials  can  be  added,  allowing  the  soap  to  be  re-used. 

3. 3.4. 3  Reaction  to  bullets 

The  dynamic  behaviour  of  a  bullet  is  very  similar  in  the  two  media.  If  the  appro¬ 
priate  composition  is  selected,  the  penetration  depths  are  also  very  similar  (see 
Fig.  3-49  a-d)  and  bullet  deformation  is  almost  identical  (see  Fig.  3-50  a-d). 


Fig.  3-49  a,  b.  Comparison  between  glycerine  soap  (a)  and  gelatine  (b):  5.45  x  39  (Kalashnikov). 
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Fig.  3-49  c,  d.  Comparison  between  glycerine  soap  (c)  and  gelatine  (d):  9  mm  Luger  (“Schweizer 
Ordonnanz”). 


This  indicates  that  the  forces  -  and  hence  the  deceleration  values  -  must  be 
very  similar,  as  JANZON  and  Fackler  have  confirmed.  There  is  therefore  no  phy¬ 
sical  reason  to  prefer  one  simulant  over  the  other. 

At  lower  velocities  (when  a  large  proportion  of  the  bullet  surface  is  in  contact  with  the  medium), 
certain  bullets  travel  significantly  further  in  soap  than  in  gelatine.  This  may  be  because  surface 
friction  (which  is  the  determining  factor  in  such  cases)  is  greater  in  gelatine  than  in  soap,  which 


Fig.  3-50.  Similarity  of  deformation  in  soap  (left)  and  gelatine  (right),  a.  9  mm  Luger,  Win¬ 
chester  Subsonic,  b.  44  Rem.  Mag.  SJFP.  c.  7.62  x  39,  jacketed  spitzer.  d.  308  Win.  SJCone. 


150  3  General  wound  ballistics 


Table  3-7.  Advantages  and  disadvantages  of  each  simulant 


Soap 

Gelatine 

Handling 

+ 

- 

Measuring  volume 

+ 

- 

Recording  movement 

- 

+ 

Measuring  fragment  energy 

+ 

- 

Price 

- 

+ 

has  a  high  fat  content.  As  this  effect  only  arises  at  low  velocities  and  great  penetration  depths,  it  is 
virtually  irrelevant  to  wound  ballistics  studies. 

Soap  is  unsuitable  for  experiments  involving  projectiles  that  have  low  impact  ve¬ 
locities  (arrows,  crossbow  bolts,  etc.)  or  jets  of  gas  or  fluid  (alarm  pistols,  rocket 
motors,  etc.)  Such  “projectiles”  penetrate  significantly  less,  if  at  all. 

3. 3. 4.4  Which  simulant  for  which  purpose? 

Table  3-7  only  shows  those  criteria  for  which  there  are  clear  differences.  If  we 
bear  in  mind  that  it  is  possible  to  make  gelatine  easier  to  handle  by  using  it  at 
lower  temperatures  (e.g.  4°C),  the  advantages  and  disadvantages  of  the  two  simu¬ 
lants  more  or  less  balance  out. 

The  choice  of  simulant  should  therefore  depend  on  the  purpose  of  the  experi¬ 
ment.  Standardisation  of  the  simulants  used  for  wound  ballistics  is  desirable,  and 
should  cover  both  materials.  Standardization  should  also  ensure  that  a  given  bullet 
penetrates  both  media  to  approximately  the  same  depth  under  the  same  impact 
conditions.  Furthermore,  this  penetration  depth  should  correspond  to  that  of  the 
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Gelatin:  10  %,  4  °C 

Swiss  Soap 
Gelatin:  20  %,  10  °C 
Swedish  Soap 
Clay 
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Fig.  3-51.  Penetration  depth  of  a  steel  sphere  in  various  media  (after  Fackler). 
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same  bullet  in  muscle.  According  to  Fackler,  it  is  possible  to  achieve  equiva¬ 
lence  between  muscle  and  simulant  using  10  %  gelatine  at  4  °C.  By  choosing  the 
composition  appropriately,  it  is  also  possible  to  obtain  soap  that  performs  in  a 
similar  manner  (see  Fig.  3-51). 

3. 3. 4. 5  Connection  between  the  analysis  methods 

As  both  gelatine  and  soap  are  suitable  for  measuring  energy  transfer,  it  must  be 
possible  to  convert  between  the  two  standard  evaluation  methods  (crack  length  for 
gelatine  and  volume  measurement  for  soap). 

The  formal  relationship  between  p  and  c  is  based  on  the  dimensions  of  the  two 
variables  (see  Eqns  3.3:3  and  3.3:7).  p  is  measured  in  cm3/J,  while  c  is  measured 
in  cm2/J.  Therefore: 

(3.3:8)  c  oc  p^  .  [cm2/J] 

We  can  therefore  compare  experiments  conducted  with  gelatine  and  soap  (if  we 
apply  a  constant  factor). 

3.3.5  Bone 

3. 3. 5.1  General 

We  have  already  discussed  the  advantages  of  using  simulants  in  3.3.1.  The  same 
arguments  apply  to  other  types  of  tissue,  such  as  bone.  The  effects  on  the  bullet 
wound  and  the  course  of  the  wound  channel  of  the  bullet  striking  a  bone  are  of 
interest  to  both  surgeons  and  forensic  specialists.  To  date,  however,  experiments 
appear  only  to  have  been  conducted  on  animal  bones  (see  4.2. 1.3  and  4. 3. 2. 6  and 
the  literature  cited  in  those  sections).  It  is  only  possible  to  carry  out  systematic 
and  reproducible  studies  of  the  effects  of  bullets  on  bone  if  the  bone  is  standard¬ 
ized,  as  in  the  case  of  muscle.  Bearing  in  mind  the  conditions  that  must  be  ful¬ 
filled  by  a  simulant  for  soft  tissue  (see  3.3.1),  the  requirements  for  a  bone  simu¬ 
lant,  other  than  reproducibility,  are  as  follows: 

-  Similar  deceleration  to  that  which  occurs  when  a  bullet  passes  through  a 
bone; 

-  Similar  threshold  velocity  for  penetration; 

-  Similar  fracture  behaviour  and  similar  propagation  speed  for  the  fracture 
lines. 

The  most  suitable  material  for  simulating  bone  in  experiments  with  bullets  is  that 
used  for  the  artificial  bones  employed  in  the  training  of  surgeons.  This  consists  of 
a  three-layer  polyurethane  structure,  in  which  a  relatively  soft  interior  (similar  to 
cancellous  bone)  is  enclosed  by  a  harder  outer  layer.  Using  this  material,  it  is  pos- 
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sible  to  represent  both  heavy  and  light  bone  structures.  In  order  to  simulate  the 
behaviour  of  bone  fragments,  the  plastic  bone  is  covered  with  a  thin  layer  of  latex, 
to  simulate  the  periosteum. 

The  natural  form  of  the  bone  is  of  secondary  importance  when  carrying  out 
systematic  studies  of  the  effects  of  bullets.  Building  artificial  bones  with  lifelike 
shapes  would  affect  reproducibility,  as  it  would  be  more  difficult  to  achieve  iden¬ 
tical  impact  conditions  over  multiple  shots.  Using  simple  geometric  forms  (e.g. 
hollow  cylinders  to  simulate  hollow  bones  or  a  sphere  to  represent  the  skull) 
makes  it  possible  to  maintain  the  same  relative  positioning  of  wound  channel  and 
bone  over  an  entire  series  of  shots.  This  is  essential  when  conducting  parameter 
studies,  for  instance. 

However,  it  may  sometimes  be  necessary  to  use  accurate  reproductions  of  bone  shapes  when  con¬ 
ducting  reconstructions  of  specific  bullet  wounds.  This  is  perfectly  possible,  as  entire  skeletons  of 
suitable  artificial  bone  are  available  (source:  Synbone  AG,  CH-7208  Malans,  Switzerland). 


3.3.5.2  Hollow  bones 


Simulations  of  hollow  bones  are  of  particular  importance  for  the  study  of  bullet 
wounds  to  the  limbs.  The  best  form  to  use  is  a  hollow  cylinder,  which  can  be  pro¬ 
duced  with  different  wall  thicknesses.  In  order  to  simulate  bone  marrow,  the  hol¬ 
low  space  is  filled  with  gelatine  and  the  two  ends  sealed  so  that  they  are  pressure- 
tight  (Kneubuehl  and  Thali  2003). 

Without  the  gelatine,  a  bullet  passing  through  the  bone  will  not  generate  hydraulic  pressure.  It  will 
perforate  the  bone  without  causing  any  of  the  typical  fractures,  such  as  a  butterfly  fracture. 

If  bullets  are  fired  directly  at  plastic  bones  prepared  in  this  manner,  it  is  possible 
to  measure  both  the  velocity  and  energy  lost  by  the  bullet  and  the  velocity  of  the 


Fig.  3-52.  Comparison  between  the  effect  of  full 
metal-jacketed  and  deforming  bullets  on  model  bones 
embedded  in  gelatine.  The  extent  of  bone  damage 
corresponds  approximately  to  the  diameter  of  the 
temporary  cavity,  a.  Rifle,  b.  Handgun. 
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Fig.  3-53.  Model  skull  shot  through  with  a  lead  ball  fired  from  a  muzzle-loading  musket.  The 
aim  here  was  to  determine  approximate  bullet  velocity  in  the  case  of  skeletons  recovered  during 
archaeological  investigations,  by  comparing  the  fracture  to  the  real  skull  with  the  fracture 
observed  on  the  model. 

bone  fragments  produced.  If  the  bone  is  cast  into  a  gelatine  block,  one  can  study 
the  dynamic  processes  that  occur  when  a  bullet  hits  a  bone  (e.g.  the  degree  of  de¬ 
struction  associated  with  the  temporary  cavity,  see  Fig.  3-52  a,  b;  the  positions  of 
bone  fragments  in  the  wound  channel  and  the  behaviour  of  a  bullet  that  ricochets 
off  a  bone). 

3. 3. 5.3  Modelling  the  head 

It  is  also  possible  to  construct  a  model  of  the  head  using  artificial  bone.  The  most 
obvious  shape  to  use  is  a  hollow  sphere,  with  which  it  is  possible  to  simulate  any 
angle  of  attack.  The  sphere  is  filled  with  gelatine,  to  simulate  the  brain.  Materials 
to  simulate  muscle  and  skin  can  be  added  on  the  outside  if  required  (Thali  et  al. 
2002a,  2002b,  2003d).  Models  like  this  can  be  used  to  study  many  different  as¬ 
pects  of  bullet  wounds  to  the  head  (see  Fig.  3-53). 

3.3.6  Other  simulants 

It  is  possible  to  simulate  other  biological  structures  using  plastics  that  react  in  a 
realistic  manner  to  a  bullet.  These  structures  include  skin  and  blood  vessels. 

Skin.  It  is  unlikely  that  any  simulant  would  simulate  skin  in  such  a  way  as  to  meet 
all  forensic  requirements.  One  material  that  has  proved  successful,  however,  con¬ 
sists  of  a  layer  of  silicon  in  conjunction  with  synthetic  fibres  (synthetic  suede) 
(Thali  et  al.  2002a,  2002b,  see  Fig.  3-54).  For  simple  experiments  one  can  just 
soak  the  synthetic  suede  in  wax. 

Blood  vessels.  One  can  conduct  systematic  studies  of  blood  vessels  using  plastic 
tubes  that  react  to  bullets  in  a  manner  similar  to  that  of  real  blood  vessels.  These 
have  been  evaluated  by  comparing  them  with  the  aortas  of  pigs  (see  Fig.  3-55) 
which  apparently  are  fairly  similar  to  those  of  humans  (SCHANTZ  1979).  To  ensure 
that  the  bullet  generated  hydraulic  pressure,  both  the  artificial  blood  vessels  and 
the  real  blood  vessels  used  for  comparison  purposes  were  filled  with  "film  blood” 
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Fig.  3-54.  Left:  Real  bullet 
hole  (filled  with  blood). 
Right:  Bullet  hole  in 
artificial  skin. 


Fig.  3-55.  Left:  Real 
blood  vessel  severed  by  a 
bullet.  Right:  Artificial 
blood  vessel  severed  in 
the  same  manner. 


and  closed  off  at  both  ends,  with  the  contents  placed  under  slight  pressure. 

The  basis  of  comparison  was  energy  density  for  the  direct  hit  (perforation)  and 
effectiveness  for  indirect  damage  (failure  of  the  blood  vessel  due  to  excessive 
stretching  resulting  from  the  pressure  generated  by  the  temporary  cavity).  The 
plastic  tubes  were  considered  acceptable  as  simulants  if  their  threshold  values 
were  similar  to  those  of  natural  blood  vessels. 

The  various  simulants  can  be  combined  to  simulate  entire  structures,  with  which 
one  can  study  the  formation  of  a  bullet  wound  repeatedly,  making  controlled 
changes  to  the  parameters.  This  is  particularly  useful  in  reconstructions  of  crimes 
involving  firearms. 


3.4  Other  approaches  to  simulation 

3.4.1  Experiments  on  animals  and  cadavers 

3. 4. 1.1  Animals 

SCHANTZ,  a  member  of  a  Swedish  research  team,  submitted  a  contribution  on  the  selection  of  ani¬ 
mals  for  the  study  of  bullet  wounds  to  the  3rd  International  Symposium  on  Wound  Ballistics 
(1979).  We  shall  look  at  the  more  important  veterinary  aspects  of  his  work,  which  contains  nu¬ 
merous  bibliographical  references. 

General.  The  problem  with  all  animal  experiments  is  that  of  extrapolating  the  re¬ 
sults  to  humans.  The  aim  is,  of  course,  to  learn  about  the  reaction  to  bullets  of 
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humans,  not  of  the  animals  used  for  the  experiments.  One  therefore  needs  to  select 
an  animal  that  is  as  similar  to  humans  as  possible.  The  greater  the  difference  be¬ 
tween  the  animal  and  humans,  the  less  accurate  the  extrapolation  (e.g.  cat  =>  hu¬ 
man,  chimpanzee  =>  human). 

Every  animal  has  different  characteristics,  in  terms  of  anatomy,  physiology, 
behaviour,  etc. 

Simple  examples  from  hunting  show  how  differently  animals  react  to  bullets.  For  instance,  a  deer 
can  run  for  up  to  100  m  after  its  heart  has  been  completely  destroyed  by  a  bullet.  By  contrast,  rab¬ 
bits  are  extremely  sensitive;  a  few  shotgun  pellets  are  fatal.  Pellets  are  often  found  in  the  muscle  of 
a  dead  rabbit,  and  not  in  vital  organs  (heart  or  brain),  which  means  one  must  assume  that  a  genuine 
shock  effect  is  at  work. 

If  one  wishes  to  study  the  effect  of  a  bullet  along  the  full  length  of  the  wound 
channel  (e.g.  the  mass  of  debridement),  the  animal  must  be  of  sufficient  size, 
which  excludes  rabbits  and  cats. 

Before  any  experiments  are  carried  out,  one  must  ask: 

-  How  closely  do  the  organs  of  the  animal  correspond  to  those  of  humans? 

-  Is  it  possible  to  obtain  wound  channels  of  sufficient  length? 

Regardless  of  which  animal  is  chosen,  what  effects  are  to  be  studied  and  which 
organs  are  involved,  the  projectile  has  to  penetrate  the  skin.  However,  the  skin  of 
many  animals  has  physical  properties  quite  different  to  those  of  humans.  This  is  of 
particular  importance  if  we  wish  to  study  the  behaviour  of  soft-tipped  bullets.  The 
strength  of  the  skin  will  have  a  significant  effect  on  how  the  tip  of  the  bullet  de¬ 
forms  on  contact  with  it,  and  hence  on  the  behaviour  of  the  bullet  in  the  body. 

During  a  study  on  the  reaction  of  skin  when  the  muzzle  is  in  contact  (as  is  generally  the  case  in 
suicides)  initial  experiments  involved  firing  shots  at  the  skull  of  a  horse.  High-speed  video  re¬ 
vealed  that  the  skin  around  the  entry  wound  bulged  out  slightly  but  remained  intact,  except  at  the 
actual  entry  hole.  The  same  experiments  under  the  same  conditions,  using  the  skull  of  a  human  ca¬ 
daver,  revealed  a  pronounced  outwards  movement  of  the  skin,  which  caused  radial  tears  and  un¬ 
dermining  of  the  skin.  Pigs  also  have  considerably  tougher  skin  than  humans.  The  skin  of  goats 
and  sheep  comes  closest. 

Horses  and  cattle.  Journee  already  used  horse  cadavers,  as  we  saw  in  3.1.2.  Both 
horses  and  cattle  have  large  muscles,  in  which  it  is  possible  to  create  long  wound 
channels.  The  size  of  the  animals  means  that  experiments  require  considerable  ef¬ 
fort.  Keeping  these  animals  anaesthetized  for  long  periods  (over  30  minutes)  re¬ 
quires  complex  equipment.  As  ruminants,  cattle  have  a  complex  digestive  system. 
This  can  lead  to  problems  with  the  animals  inhaling  solid  matter.  The  skin  of  both 
animals  is  thick  and  rough  (see  above  regarding  the  role  of  the  skin).  Observing 
the  animals  over  a  longer  period  after  the  shot  is  difficult,  whether  they  are  uncon¬ 
scious  or  not.  The  overall  expenditure  (for  the  purchase  and  care  of  the  animals 
and  for  the  experiments  themselves)  is  very  high. 
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Sheep  and  goats.  While  these  animals  are  also  ruminants,  a  general  anaesthetic  is 
not  nearly  as  dangerous  as  it  is  for  cattle.  Furthermore,  one  can  use  the  same 
equipment  and  drugs  as  for  humans.  Both  animals  have  fairly  thin,  supple  skin, 
and  their  skin  comes  closest  to  that  of  humans.  The  muscles  of  the  limbs  are  slen¬ 
der,  which  means  that  larger  breeds  are  needed  in  order  obtain  longer  wound 
channels. 

Dogs.  For  many  years,  dogs  have  been  the  animal  of  choice  for  experimental  sur¬ 
gery.  They  are  available  in  a  wide  range  of  sizes  and  forms,  easily  obtainable  and 
highly  suitable  for  laboratory  purposes.  They  can  also  be  trained  for  post-opera¬ 
tive  treatment  and  observation.  Their  peripheral  arteries  and  veins  are  easily  ac¬ 
cessible,  and  one  can  readily  insert  a  cannula  through  their  skin.  As  with  sheep 
and  goats,  it  is  possible  to  use  the  same  anaesthetic  equipment  as  for  humans,  in¬ 
cluding  tracheal  tubes.  It  is  important  to  monitor  the  circulation  carefully,  but 
dogs  can  safely  undergo  long  periods  of  inhalation  anaesthesia.  Sufficient  blood 
should  be  obtained  and  stored  to  replace  blood  loss,  if  needed.  Flowever,  SCHANTZ 
reports  that  experiments  which  involve  firing  bullets  at  “man’s  best  friend’  en¬ 
counter  considerable  opposition. 

Pigs.  Pigs  are  readily  obtainable  in  any  size  required.  It  is  possible  to  create  long 
wound  channels  even  in  animals  of  medium  size  (30  kg),  but  animals  of  this 
weight  are  still  young,  and  their  bones  are  not  yet  fully  developed  (e.g.  the 
epiphyses  are  still  open).  One  should  bear  this  point  in  mind  when  carrying  out 
experiments  involving  bones. 

Because  adult  pigs  of  typical  breeds  are  heavy,  miniature  varieties  have  been  bred,  with  an  adult 
weight  of  40  kg  to  60  kg.  However,  such  breeds  are  expensive,  and  they  have  the  reputation  of 
being  susceptible  to  disease. 

It  is  more  difficult  to  collect  blood  from  pigs  and  to  anaesthetize  them,  as  the  only 
easily  accessible  peripheral  veins  are  those  in  the  outer  part  of  the  auricle.  Pigs 
have  a  funnel-shaped  oral  cavity  and  the  larynx  and  trachea  are  at  an  angle  to  each 
other.  Furthermore,  the  larynx  is  particularly  prone  to  spasm.  As  a  result,  endotra¬ 
cheal  intubation  is  difficult  and  requires  trained  personnel.  Premedication  with  at¬ 
ropine  and  the  use  of  muscle  relaxants  alleviate  the  problem. 

The  skin  of  most  breeds  is  not  pigmented,  and  has  little  hair,  making  it  easy  to 
observe  and  analyse  bullet  wounds. 

Despite  their  disadvantages  by  comparison  with  dogs,  pigs  are  the  animals  best 
suited  to  wound  ballistics  experiments  (SCHANTZ). 

3. 4. 1.2  Cadavers 

One  can  use  cadavers  to  study  mechanical  phenomena  in  the  human  body  as  long 
as  one  observes  certain  rules. 


3.4  Other  approaches  to  simulation  157 


Following  death,  the  physical  characteristics  of  tissue  change  over  time.  The 
cadavers  used  should  therefore  be  as  fresh  as  possible.  Body  parts  such  as  bones 
are  often  preserved  for  later  use,  which  almost  always  affects  the  properties  of  the 
bone.  We  shall  look  at  this  aspect  in  4.2. 1.3. 

With  soft  tissue  (muscle,  fat,  liver,  etc.)  the  temperature  at  which  the  experi¬ 
ments  are  carried  out  plays  a  major  role.  In  general,  cadavers  are  preserved  in  cold 
storage  and  are  generally  only  just  above  freezing.  If  one  were  to  conduct  physical 
measurements  on  cadavers  at  such  temperatures,  e.g.  the  penetration  depth  of  a 
sphere,  one  would  obtain  results  very  different  from  those  obtained  with  a  living 
person. 

By  definition,  it  is  impossible  to  study  the  physiological  reaction  of  a  person  to 
a  bullet  using  a  cadaver. 

3. 4. 1.3  Cell  cultures 

In  recent  years,  cell  cultures  have  been  successfully  used  for  certain  studies  in  or¬ 
der  to  avoid  experiments  on  animals.  The  pharmaceutical  industry  was  the  first  to 
use  cell  cultures  for  this  purpose.  SUNESON  et  al.  (1987)  were  the  first  to  apply  this 
method  to  the  field  of  wound  ballistics,  in  their  work  on  the  effects  of  shock 
waves  in  cells.  We  shall  be  looking  at  these  experiments  and  results  in  4. 3. 2.2 
(Shock  waves). 

3.4.2  Physical/mathematical  models 
3. 4. 2.1  General 

There  are  advantages  to  first  representing  a  real  object  using  a  physical  model  and 
then  constructing  a  mathematical  model.  The  most  obvious  advantage  is  that  this 
approach  makes  it  possible  to  conduct  parameter  studies  of  unlimited  scope,  sim¬ 
ply  and  cheaply.  However,  mathematical  models  -  especially  those  intended  to 
model  the  human  body  -  face  almost  insoluble  problems.  For  instance,  it  is  ex¬ 
tremely  difficult,  if  not  impossible,  to  obtain  the  necessary  physical  data  regarding 
tissue  in  vivo,  especially  for  extremely  high  forces  acting  over  extremely  short  pe¬ 
riods.  The  properties  of  a  material  under  such  conditions  often  differ  substantially 
from  the  properties  of  the  same  material  under  quasistatic  conditions.  Finite  ele¬ 
ment  models  of  the  type  described  by  Wind  et  al.  (1988)  are  hence  unlikely  to 
enter  widespread  use. 

In  order  not  to  forego  the  advantages  of  a  model,  one  must  make  do  with 
simpler  representations  of  biological  structures,  which  means  accepting  that  the 
results  will  also  be  simpler. 

If  one  is  to  make  practical  use  of  models,  the  datasets  required  to  calculate  the 
physical  processes  must  be  available  and  the  model  must  have  been  validated  for 
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the  field  of  application  against  known,  real-life  cases.  It  is  possible  to  generate  the 
datasets  from  simulations  of  the  types  described  in  3.3  and  3.4,  but  non-biological 
simulants  are  particularly  suitable,  on  account  of  their  availability,  reproducibility 
and  usability.  Validation  requires  real-life  cases  for  which  one  knows  the  ballistic 
data  of  the  projectile  and  has  a  sufficiently  exact  description  of  the  damage  done 
to  the  biological  structure. 


3. 4.2.2  Sellier’s  velocity  profiles 

Sellier’s  velocity  profile  (Sellier  1982)  is  a  one-dimensional  model,  in  which 
the  decrease  in  velocity  is  calculated  for  each  layer  of  tissue  (each  layer  being  as¬ 
sumed  to  be  homogenous)  using  the  equations  derived  in  3. 2. 3. 2  and  4.2.1.  From 
Eqn  3.2:11  we  have: 

(3.4:1)  ve  =  va  •  e_31d  ,  [m/s] 

or,  for  Av  =  va  -  ve: 

(3.4:2)  Av  =  va  •  (1  -  e_>;R  d)  .  [m/s] 

where  va  is  the  impact  or  entry  velocity,  ve  is  the  velocity  after  passing  through  a  thickness  d  and 
'.R  is  the  retardation  coefficient,  which  is  dependent  on  the  type  of  tissue. 

It  is  therefore  possible  to  calculate  Av  for  each  layer  of  tissue,  with  the  exit  veloc¬ 
ity  for  one  layer  constituting  the  entry  velocity  for  the  next.  From  this,  we  can 
create  a  velocity  profile,  as  shown  in  Fig.  3-56.  As  this  model  is  one-dimensional 
-  the  bullet  only  moves  in  one  spatial  dimension  -  deviations  (e.g.  as  a  result  of 
impact  with  a  bone)  are  not  taken  into  account,  the  bullet  always  strikes  a  layer  at 
right-angles  and  the  forces  on  the  bullet  act  only  along  the  line  of  movement. 


Fig.  3-56.  One-dimensional 
velocity  profile  of  a  bullet  in  the 
calibre  6.35  browning,  passing 
through  a  head  (after  SELLIER 
1982). 


Fig.  3-57.  Original  version  of  Computer  Man.  a.  Left:  the  body  is 
divided  into  25  mm  layers,  b.  Right:  the  layers  are  divided  into  cells 
measuring  5  mm  x  5  mm.  The  layer  shown  is  a  section  through  the 
body  at  shoulder  height.  An  “Injury  Criteria  Component  Vulnerability 
Number”  was  assigned  to  each  cell  (from  BRUCHEY  W.  J.  et  al.  1983). 


This  velocity  profile  can  be  useful  when,  for  instance,  a  forensic  specialist  is  asked  whether  a  bul¬ 
let  would  produce  an  exit  wound,  given  a  specific  wound  channel. 


3. 4.2.3  Computer  Man 


In  1975,  the  US  Department  of  Justice’s  National  Institute  of  Justice  (NIJ)  pub¬ 
lished  a  study  on  the  effectiveness  of  handguns  for  the  police.  The  study  had  been 
conducted  against  the  background  of  a  long-running  controversy  in  the  US  re- 


Fig.  3-58.  Computer  Man. 
Major  blood  vessels. 


garding  the  most  effective  handgun  calibre. 

The  study  was  based  on  a  large  number  of  shots 
using  gelatine  and  a  large  number  of  virtual  shots  fired 
at  a  computer  model  of  the  human  body,  all  of  which 
were  brought  together  and  subjected  to  statistical 
analysis.  The  model  was  dubbed  “Computer  Man.” 

This  is  a  three-dimensional  model  of  the  human  body, 
divided  into  25  mm  horizontal  layers  (see  Fig.  3-57). 
Each  layer  was  divided  into  cells  measuring  5  mm  x 
5  mm.  This  gave  a  total  of  over  150,000  cells.  A  team  of 
doctors  then  looked  at  whether  a  bullet  wound  to  a  given 
cell  would  produce  an  instantaneous  incapacitating 
injury  (Fig.  3-57,  right).  Simulated  shots  were  fired  at 
the  model  and  for  each  wound  channel  the  vulnerability 
number  was  determined  for  every  point.  This  procedure 
was  repeated  (taking  account  of  shooter  accuracy)  until 
the  mean  values  stabilized  (at  around  10,000  shots). 
This  gave  a  “Vulnerability  Index  Function,”  which  was 
then  used  to  evaluate  the  weapon  and  ammunition 
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concerned,  resulting  in  a  relative  incapacitation  index,  or  RII.  See  4. 1.2.3. 

Computer  Man  was  later  used  in  the  military  field,  in  modified  form,  to  assess 
the  effectiveness  of  fragmentation  munitions.  In  this  later  version,  each  cell  was 
linked  to  an  organ,  making  it  possible  to  represent  the  internal  structures  of  the 
body,  at  least  approximately  (see  Fig.  3-58).  This  model  consisted  of  167  layers 
and  124,000  cells,  and  distinguished  between  280  types  of  tissue. 

Fragment  wound  analysis  also  underwent  modification,  adding  the  work  of 
SPERAZZA  and  Kokinakis  (1965)  and  a  large  volume  of  data  from  experiments 
with  animals  to  the  existing  gelatine  experiment  data  (Bellamy  and  Zajtchuk 
1991a). 

3. 4.2.4  The  “Verwundungsmodell  Schiitze”  (VeMo-S) 

Towards  the  end  of  the  1990s,  the  German  Federal  Office  of  Defence  Technology 
and  Procurement  commissioned  a  model  with  similar  aims.  The  original  task  was 
to  verify  the  well-known  probability  of  incapacitation  figures  that  SPERRAZZA  and 
Kokinakis  (1965)  had  put  forward.  Over  time,  this  developed  into  a  computer 
model  of  the  human  body  that  offered  a  number  of  interesting  possibilities. 

The  formulas  and  datasets  proposed  by  SPERRAZZA  and  KOKINAKIS  result  in  incapacitation  prob¬ 
abilities  that  are  clearly  too  high  when  compared  with  real  cases  and  intuitive  reasoning,  particu¬ 
larly  with  small  fragments. 

Unlike  Computer  Man,  Verwundungsmodell  Schiitze  (“rifleman  wound  model,” 
VeMo-S),  rather  than  modelling  a  particular  person,  approximated  biological 
structures  using  geometrical  shapes  (see  Fig.  3-59).  The  positions  and  dimensions 
of  these  structures  correspond  to  human  anatomy.  The  concept  is  based  on  the 
idea  that,  given  the  wide  variation  between  one  person  and  another,  and  the  wide 
range  of  threats  (calibres,  projectiles,  fragments,  etc.)  and  wound  channels,  there 


Fig.  3-60.  (Top)  Basic  principle  of  the  incapacita¬ 
tion  function,  a:  Lower  threshold,  b:  Upper  threshold. 


Fig.  3-59.  (Left).  Structure  of  the  human  body  in 
VeMo-S 


3.4  Other  approaches  to  simulation  161 


was  no  point  in  modelling  a  single  object  very  precisely  -  that  indeed,  this  was 
counter-productive. 

VeMo-S  models  approximately  400  structures.  A  time-dependent  incapacita¬ 
tion  factor  relevant  to  wound  ballistics  was  assigned  to  every  structure  (e.g.  effec¬ 
tiveness  or  energy  density).  For  each  structure,  lower  and  upper  thresholds  were 
defined  for  each  incapacitation  factor.  Below  the  lower  threshold,  no  incapacita¬ 
tion  would  occur,  while  incapacitation  was  certain  if  the  upper  threshold  were  ex¬ 
ceeded  (see  Fig.  3-60).  The  incapacitation  factors  therefore  fitted  into  a  mathe¬ 
matical  framework  subject  to  the  laws  of  fuzzy  logic  (Kneubuehl  2000).  This 
made  it  possible  to  reflect  time  factors,  multiple  hits  and  various  levels  of  partial 
incapacitation.  The  thresholds  were  defined  by  W.  Titius,  a  surgeon  with  excep¬ 
tional  experience  in  the  field  of  bullet  wounds. 

The  ballistic  data  of  the  bullet  (energy,  energy  density  and  effectiveness)  were 
calculated  continuously  along  a  geometrical  wound  channel  and  the  degree  to 
which  the  structure  had  been  destroyed  was  determined  from  this.  The  ballistic 
data  were  obtained  by  conducting  experiments  using  the  simulants  discussed  in 
3.3.  As  a  result,  the  model  was  not  restricted  to  fragments,  but  could  perform  cal¬ 
culations  for  any  projectile,  as  long  as  the  necessary  ballistics  data  were  available. 

VeMo-S  was  validated  against  real  cases  from  war  surgery  and  forensics 
(Gramiger  2010).  If  the  required  ballistic  data  are  available,  the  wound  channel 
can  be  calculated  using  VeMo-S  and  compared  with  the  actual  wound  channel.  If 
the  two  correspond,  the  incapacitation  function  is  confirmed.  If  not,  the  function 
must  be  adjusted. 

The  role  of  VeMo-S  is  not  restricted  to  the  calculation  of  incapacitation  prob¬ 
abilities;  the  program  can  also  be  used  in  forensics  and  in  crime  reconstructions. 
The  program  can  calculate  velocity  profiles  (see  3. 4.2.2)  for  any  wound  channel, 
making  it  possible  to  estimate  the  exit  velocity  of  a  bullet  and  hence  determine 
hazard  levels  or  the  range  of  a  bullet  on  exit. 

The  program  can  also  assess  the  effectiveness  of  body  armour,  and  this  assessment  can  include  the 
effect  of  the  energy  remaining  after  a  projectile  has  penetrated  the  protective  layer. 


4  Wound  ballistics  of  bullets  and  fragments 

B.  P.  Kneubuehl 


4.1  The  effectiveness  of  bullets 

4.1.1  Effectiveness  versus  effect 

4. 1.1.1  Definitions 

If  we  are  to  talk  about  the  “effect”  of  a  bullet,  we  have  to  start  by  defining  our 
terms.  Here,  when  we  talk  about  the  effect  of  a  shot,  we  mean  the  reactions  that 
the  shot  provokes  in  the  human  body.  Consequently,  an  effect  is  always  linked  to 
a  unique  event. 

For  instance,  an  airgun  pellet  with  a  muzzle  energy  of  7  J  that  penetrates  the  spine  and  damages 
the  spinal  cord  has  a  much  greater  effect  than  a  44  Rem.  Mag.  hollow-tip  with  an  energy  of  1500  J 
that  grazes  the  upper  arm.  This  means  that  statements  like  “A  hollow-point  bullet  has  a  greater 
effect  than  a  full  metal-jacket  bullet”  are  meaningless. 

Clearly,  the  effect  of  a  bullet  depends  on  a  wide  variety  of  factors.  What  is  clear  is 
that  effect  cannot  be  defined  (and  most  certainly  cannot  be  measured)  purely  in 
terms  of  the  physical  or  design  characteristics  of  a  bullet,  such  as  mass,  velocity, 
energy  and  deformability. 

However,  there  is  no  denying  that  the  physical  and  design  characteristics  of  a 
bullet  can  have  a  decisive  influence  on  its  effect.  If  we  consider  these  factors  in 
isolation,  we  can  establish  the  “potential  effect,”  which  we  shall  call  the  “effec¬ 
tiveness”  of  a  bullet. 

Effectiveness  and  effect  are,  of  course,  related  to  one  another.  A  highly  effec¬ 
tive  bullet,  if  it  hits  a  certain  part  of  the  body,  will  very  probably  have  a  signifi¬ 
cant  effect.  Conversely,  a  less  effective  bullet  will  probably  have  a  lesser  effect. 

4.1. 1.2  Factors  that  contribute  to  the  effect  of  a  bullet 

The  above  comments  show  that  the  effect  of  a  bullet  depends  not  just  on  its  effec¬ 
tiveness  but  also,  to  a  large  degree,  on  the  point  of  impact  and  on  the  path  of  the 
wound  channel  in  the  body.  The  physical  and  mental  state  of  the  victim  are  also 
important,  and  these  two  factors  are  usually  underestimated  when  assessing  the 
effect  of  a  bullet  -  if  they  are  taken  into  account  at  all. 
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Determination  to  achieve  an  objective  can  considerably  reduce  the  immediate  effect  of  a  bullet. 
Under  other  circumstances,  the  mere  sight  of  a  weapon  can  be  sufficient  to  prevent  an  attack.  In 
the  latter  case  an  effect  has  been  achieved  even  though  there  is  no  point  of  impact,  and  the  effec¬ 
tiveness  of  the  bullet  is  irrelevant. 

The  effect  of  a  bullet  on  a  living  being  therefore  depends  on  the  following  factors: 

•  the  effectiveness  of  the  bullet; 

•  the  point  of  impact  and  the  path  of  the  wound  channel  in  the  body; 

•  the  physical  and  mental  state  of  the  victim. 

The  point  of  impact  also  reflects  the  decision  taken  by  the  shooter,  and  his  or  her  mental  state. 

Analysis  of  cases  in  which  a  firearm  failed  to  achieve  the  required  effect  shows  that  in  many 
instances  failure  was  caused  by  psychological  stress  on  the  firer  leading  to  an  inappropriate  deci¬ 
sion,  rather  than  to  any  lack  of  effectiveness  in  the  bullet. 

Unless  a  bullet  passes  through  certain  parts  of  the  brain  or  spinal  cord,  damaging 
vital  areas,  its  effect  depends  not  only  on  the  purely  mechanical  effect  (and  the 
path  of  the  wound  channel)  but  also,  to  a  very  great  degree,  on  the  victim.  His  or 
her  emotional  and  psychological  state  are  decisive.  Drugs,  alcohol  and  similar 
also  influence  the  effect  of  a  bullet.  So  while  effectiveness  can  be  determined  in  a 
general  fashion  on  the  basis  of  physical  parameters,  effect  depends  entirely  on  the 
circumstances.  There  are  numerous  examples  of  this. 

The  influence  of  the  mind  on  the  effect  of  a  bullet  can  best  be  illustrated  by  a 
few  examples.  Victims  of  bullets  can  be  divided  into  three  groups,  as  Hatcher 
(1927)  has  pointed  out. 

1.  The  victim  is  a  harmless  passer-by.  He  is  fired  at  by  chance  (accidentally), 
having  done  nothing  to  provoke  an  attack.  Surprise  will  play  a  major  role. 
The  effect  of  being  hit  by  a  bullet  is  generally  very  significant. 

To  take  an  extreme  case,  one  could  imagine  an  old  lady  standing  next  to  an  alarm  pistol  when  it  is 
fired.  If  she  faints,  a  dramatic  effect  has  been  achieved  despite  the  absence  of  any  injury. 

2.  The  second  group  consists  of  those  who  expect  to  be,  such  as  soldiers  in 
combat  or  police  officers  in  a  firefight  with  criminals.  If  a  person  in  this 
group  is  hit,  the  effect  will  generally  be  less  marked  than  in  the  case  of  the 
first. 

3.  The  last  group  consists  of  persons  whose  consciousness  is  severely  limited 
by  extreme  excitement,  fanaticism  or  concentration  on  a  combat  situation  - 
the  “blinker  effect.” 

Examples  include  a  bank-robber  who  emerges  from  a  bank  with  a  hostage  and  finds  himself  con¬ 
fronted  by  a  large  police  presence,  a  soldier  storming  an  enemy  position  or  a  man  shot  during  a 
pub  brawl. 

Experience  shows  that  persons  in  the  third  group,  if  hit  in  a  non-vital  part  of  the 
body,  will  initially  be  quite  unaware  that  they  have  been  hit.  Only  when  the  ex¬ 
citement  has  died  down  will  the  presence  of  blood  draw  their  attention  to  the 
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wound.  Even  injuries  which  eventually  lead  to  the  death  of  the  victim  (such  as 
rupture  of  the  aorta  or  the  heart)  may  not  necessarily  incapacitate  the  victim  im¬ 
mediately,  if  vital  areas  of  the  brain  are  not  damaged. 

During  their  colonial  wars,  the  British  often  found  that  even  several  fatal  hits  to  major  blood  ves¬ 
sels  from  a  large-calibre  revolver  did  not  stop  an  attacker.  The  victim  was  able  to  continue  his 
charge  and  slit  his  enemy’s  throat  before  finally  bleeding  to  death. 

In  one  case  known  to  the  author,  a  policeman  suffered  a  mortal  wound  to  the  aorta  from  a  45 
Auto  pistol  bullet  fired  by  a  terrorist.  Despite  his  injury,  he  was  still  able  to  empty  his  magazine  at 
the  attacker. 

These  examples  show  the  degree  to  which  the  psychological  element  influences 
the  effect  of  a  bullet.  It  is  impossible  to  predict  this  in  advance,  just  as  it  is  impos¬ 
sible  to  predict  the  point  of  impact  or  the  course  of  the  wound  canal.  The  effect  of 
a  bullet  can  only  be  determined  after  the  shot  has  been  fired. 

The  only  factor  contributing  to  the  effect  of  a  bullet  that  can  be  determined 
physically  and  influenced  by  design  is  the  effectiveness.  Effectiveness  depends 
primarily  on  the  impact  energy  of  the  bullet  (which  constitutes  its  total  potential 
effect)  and  on  its  ability  to  transfer  that  energy  along  the  course  of  the  wound 
channel. 


4.1 .2  Measures  of  effectiveness 
4. 1.2.1  Historical  background 

Ever  since  the  end  of  the  19th  Century,  attempts  have  been  made  to  determine  the 
effectiveness  of  a  bullet,  using  measurements  or  calculations.  The  first  attempts 
were  undertaken  by  doctors  who  had  conducted  a  close  study  of  bullet  wounds.  In 
his  books  published  at  the  end  of  the  1 9th  Century,  the  famous  surgeon  and  first 
recipient  of  the  Nobel  Prize  for  Medicine,  Prof.  Theodor  Kocher  of  Bern  Univer¬ 
sity,  assumed  that  what  he  called  the  "living  force”  of  the  bullet,  which  today  we 
would  term  its  "kinetic  energy,”  played  a  decisive  role  in  determining  the  effect. 

Not  long  after,  the  effectiveness  of  a  bullet  was  seen  to  be  related  to  its  ability 
to  transfer  energy  to  tissue  along  the  course  of  the  wound  channel.  In  1908,  C.  G. 
Spencer,  Professor  of  War  Surgery  at  the  Royal  Army  Medical  College,  London, 
published  a  book  with  the  title  “ Gunshot  Wounds  In  the  chapter  entitled  “The 
Wounding  Power  of  Bullets,”  he  described  in  detail  how  the  “wounding  capacity” 
of  a  bullet  depends  upon: 

1.  Its  (kinetic)  energy. 

2.  The  ease  with  which  it  can  convert  its  energy  into  work  following  impact. 

Spencer  related  the  second  point  to  the  cross-sectional  area  of  the  bullet,  the  de¬ 
gree  to  which  it  tended  to  deform  or  fragment  and  its  strength. 
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Seen  from  today’s  perspective,  Spencer’s  points  are  correct.  Unfortunately, 
his  conclusions  were  overtaken  in  the  first  decade  of  the  20th  Century  by  the  erro¬ 
neous  theory  that  effectiveness  meant  a  bullet  being  able  to  “stop”  an  attacker,  or 
even  knock  him  down. 

4.1. 2.2  The  “stopping  power”  fallacy 

The  idea  that  a  bullet  can  knock  an  enemy  down  has  passed  into  the  literature  and 
into  everyday  language  through  such  terms  as  “stopping  power.”  The  assumption 
is  that  a  bullet  is  capable  of  physically  stopping  a  person  who  is  in  the  process  of 
carrying  out  an  attack. 

This  (erroneous)  understanding  of  how  bullets  work  is  supported  by  film  scenes  in  which  a  person 
hit  by  a  bullet  is  knocked  flying. 

In  terms  of  physics,  the  transfer  of  movement  from  the  bullet  to  the  body  is  gov¬ 
erned  by  the  laws  of  collisions,  which  are  based  on  the  basic  principle  of  conser¬ 
vation  of  momentum  (see  2. 1.3. 5).  The  movement  transferred  from  the  bullet  to 
the  body  is  maximized  if  the  bullet  remains  in  the  body.  This  is  then  a  case  of  per¬ 
fectly  inelastic  collision.  If  mo  is  the  mass  of  the  bullet  and  its  velocity  is  Vg,  then 
its  momentum  before  impact  is  given  by: 

(4.1:1)  pG  =  mG-vG.  [N-s] 

If  m^  is  the  mass  of  the  body  struck  by  the  bullet  and  Vk  is  its  velocity,  then: 

(4.1:2)  pK  =  (mG  +  mK)-vK.  [N-s] 

Bearing  in  mind  the  principle  of  conservation  of  momentum  (pc  =  Pk),  Vk  is  given 
by: 

(4.1:3)  vK  =  - — - vG  .  [m/s] 

mG  +  mK 

Even  if  we  assume  a  very  heavy  bullet,  and  also  assume  that  it  remains  in  the 
body  (and  hence  transfers  all  of  its  momentum  to  the  body),  the  “throwback  ve¬ 
locity”  is  completely  irrelevant  by  comparison  with  the  normal  movement  of  a 
pedestrian,  and  certainly  by  comparison  with  the  velocity  of  an  enemy  during  an 
attack  (v  >  2  m/s).  See  also  Karger  and  Kneubuehl  (1996). 

Even  the  rotation  about  the  point  of  contact  between  the  soles  of  the  feet  and 
the  ground  that  acts  upon  the  upper  body  when  hit  by  a  bullet  (the  force  tending  to 
knock  the  victim  over)  is  so  slight  as  to  be  unnoticeable.  Table  4-1  shows  the 
throwback  and  rotational  velocities  that  typical  bullets  might  cause. 

The  theory  has  been  proven  empirically.  Alex  Jason,  an  American  forensic  ballistician,  allowed 
himself  to  be  shot  with  a  308  Win.  assault  rifle  while  wearing  body  armour  and  standing  on  one 
leg.  The  impact  of  the  bullet  did  not  even  cause  him  to  wobble.  The  throwback  velocity  was  ap¬ 
proximately  10  cm/s.  The  experiment  is  documented  on  video. 
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Table  4-1.  Throwback  velocity  (vK)  and  rotational  velocity  (v)  (mK  =  80  kg) 

Calibre 

mG 

[g] 

vG 

[m/s] 

E 

[J] 

Pg 

[N-s] 

vK 

[cm/s] 

V 

[s  '] 

9  mm  Luger 

8.0 

350 

490 

2.8 

3.5 

0.009 

45  Auto 

14.9 

260 

505 

3.9 

4.9 

0.012 

44  Rem.  Mag. 

15.6 

440 

1510 

6.9 

8.6 

0.022 

308  Winchester 

9.5 

830 

3270 

7.9 

9.9 

0.025 

12/70  slug 

31.5 

400 

2400 

12.6 

15.8 

0.038 

4. 1.2.3  Traditional  measures  of  effectiveness 

“Stopping  power”  and  “relative  stopping  power.”  In  1927,  Hatcher  published 
his  book  “Pistols  and  Revolvers  and  Their  Use,”  in  which  he  defined  the  term 
stopping  power  (StP).  He  started  with  the  assumption  that  a  bullet  requires  a  cer¬ 
tain  amount  of  energy  to  penetrate  the  body  to  sufficient  depth  (about  25  cm).  If 
the  bullet  passes  through  the  body,  then  only  that  part  of  the  energy  has  an  effect 
that  is  transferred  to  the  body.  For  a  given  energy,  a  bullet  with  a  large  cross-sec¬ 
tion  transfers  more  energy  than  a  bullet  of  smaller  calibre.  The  StP  must  therefore 
be  proportional  to  the  cross-sectional  area  A.  In  a  similar  manner,  Hatcher  in¬ 
cluded  the  effect  of  the  shape  of  the  bullet  tip,  via  a  form  factor  f.  Round-nose 
bullets  were  assigned  a  smaller  figure  than  blunt  bullets,  as  they  transfer  less  en¬ 
ergy.  His  formula  was  as  follows: 

(4.1:4)  StP  =  E-A-f.  “energy  formula”. 

In  Hatcher’s  original  publication,  energy  E  was  expressed  in  foot-pounds  and  A  in  square  inches, 
with  the  factor  f  depending  on  the  shape  of  the  bullet  tip  (the  “form  factor”).  A  9  mm  Luger  full 
metal-jacketed  round-nose  bullet  (E  =  370  ft-lbs,  A  =  0.099  sq.in.,  f  =  0.9)  therefore  has  an  StP  of 
33.0.  For  metric  units,  a  conversion  factor  of  0.1 144  is  used. 

The  form  factors  in  Table  4-2  appear  to  have  been  chosen  in  a  somewhat  arbitrary 
fashion,  on  the  principle  of  “the  blunter  the  bullet,  the  greater  the  effect.”  For  in¬ 
stance,  there  is  no  reason  why  a  full  metal-jacketed  round-nose  bullet  should  be 
exactly  10%  less  effective  than  a  lead  round-nose  bullet,  even  allowing  for  defor¬ 
mation  of  the  softer  bullet. 


Table  4-2.  Form  factors  for  StP  (stopping  power)  and 
RSP  (relative  stopping  power) 


Shape  of  bullet  tip 

Form  factor 

Full  metal-jacketed  round-nose 

0.9 

Lead  round-nose 

1.0 

Semi-Wadcutter 

1.1 

Wadcutter 

1.25 

Semi-jacketed a 

1.25-1.35 

Dependent  on  the  degree  to  which  the  bullet  mushrooms. 
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In  the  new  edition  of  his  book  in  1935,  Hatcher  replaced  energy  by  momen¬ 
tum  I,  which  was  supposed  to  better  represent  the  effect  of  the  bullet.  He  termed 
this  measure  of  effectiveness  the  “relative  stopping  power”  (RSP)  by  contrast  with 
the  StP  and  defined  it  as  follows: 

(4.1:5)  RSP  =  1000- 1- A- f.  “momentum  formula” 

In  the  original,  momentum  is  expressed  in  “pounds  velocity”  and  the  area  is  once  again  given  in 
square  inches.  As  the  figures  for  I  and  A  are  very  small,  the  right-hand  side  of  Eqn  4.1:5  is  multi¬ 
plied  by  1000,  to  yield  more  convenient  numbers  for  the  RSP.  If  I  and  A  are  expressed  in  metric 
units,  a  conversion  factor  of  0.0179  is  required. 

In  the  case  of  a  9  mm  Luger  cartridge,  for  instance:  If  I  =  2.8  N-s,  A  =  0.64  cm2  and  f  =  0.9,  we 
obtain  an  RSP  of  28.9. 

Hatcher  preferred  the  momentum  formula,  as  it  produced  results  that  corre¬ 
sponded  more  closely  to  those  of  Lagarde’s  empirical  work  (see  3.1.2). 

Weigel’s  measure  of  effectiveness.  (Effectiveness  of  a  bullet  as  a  function  of 
the  size  of  the  channel  in  wood).  WEIGEL,  a  well-known  German  ballistician,  as¬ 
sumed  effectiveness  to  be  proportional  to  the  volume  of  the  channel  in  wood 
(Weigel  1975).  He  was  hence  the  first  person  to  use  a  simulant  to  study  the  inter¬ 
action  between  bullet  and  target. 

Weigel  measured  the  depth  to  which  various  bullets  penetrated  fir,  and  derived 
an  empirical  formula  from  the  results.  Multiplying  the  penetration  depth  by  the 
cross-sectional  area  gives  the  theoretical  channel  volume,  which  he  took  as  indi¬ 
cating  the  effectiveness.  His  equation  was: 

(4.1:6)  WH  =  0.00024  •  m  •  v15  .  [kg-(m/s)L5] 

It  is  interesting  to  note  that  if  we  disregard  the  constants,  Weigel’s  measure  of  ef¬ 
fectiveness  Wh  corresponds  to  the  geometric  mean  M  of  momentum  I  and  energy 
E: 

(4.1:7)  WH  oc  yJl-E  oc  yj m- v-m-v2  =  -J m2  •  v3  =  m  •  v1'5  . 

Tables  4-3  and  4-5  list  values  of  Wh  for  a  number  of  bullets. 

Because  the  volume  of  the  geometrical  channel  in  the  wood  is  often  substan¬ 
tially  less  than  the  volume  of  the  temporary  cavity,  and  because  its  relationship  to 
penetration  depth  is  different,  Wh  is  only  of  limited  use  as  a  measure  of  the  effec¬ 
tiveness  of  a  bullet.  Nonetheless,  it  is  better  than  either  of  the  Hatcher  formulas. 

Sellier’s  measure  of  effectiveness.  Sellier  proposed  the  pain  caused  by  the 
temporary  cavity  as  a  measure  of  effectiveness.  Of  the  two  possible  geometrical 
dimensions  -  volume  and  internal  surface  area  -  he  selected  volume,  on  the 
grounds  that,  as  we  have  seen  in  Chapter  3,  internal  surface  area  is  directly  related 
to  work  done,  and  hence  also  to  damage  caused. 

The  principle  is  therefore:  effectiveness  is  proportional  to  the  energy  that  the 
bullet  is  able  to  transfer  to  the  tissue,  i.e.  the  potential  damage.  This  energy  is  pro- 
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portional  to  the  volume  of  the  temporary  cavity  and  hence  is  also  related  to  the 
amount  of  damaged  tissue,  which  naturally  depends  on  the  nature  of  the  tissue. 

The  thought  process  is  as  follows:  The  volume  of  the  temporary  cavity  is  given 
by  the  following  equation: 

(4.1:8)  V  =  ft  •  Eab  .  [cm3] 

We  have  already  derived  the  residual  energy  of  a  bullet  that  has  penetrated  a  dis¬ 

tance  s  (see  3. 2. 3. 2  and  Eqn  3.2:15): 

(4.1:9)  E(s)  =  E.-e-2'*-,  [J] 

with  retardation  coefficient 

(4.1:10)  5?  =  P  •  V  [nT1] 

2  q 

If  two  bullets  have  the  same  energy  and  similar  form,  but  different  sectional  den¬ 
sities  q,  the  bullet  with  the  smaller  value  of  q  will  have  the  greater  retardation  co¬ 
efficient.  It  will  therefore  transfer  more  energy  and  hence  create  a  larger  tempo¬ 
rary  cavity.  That  bullet  is  therefore  considered  to  be  the  more  effective  of  the  two. 
From  this,  Sellier  developed  a  simple  measure  of  effectiveness  Wth-  Taking  the 
entire  wound  channel  into  consideration,  he  made  this  measure  proportional  to 
impact  energy  and  inversely  proportional  to  sectional  density: 

(4.1:11)  WTH  oc  . 

q 

If  we  substitute  the  basic  variables  mass  (m),  velocity  (v)  and  the  cross-sectional 
area  of  the  bullet  (A)  for  Ea  and  q,  assume  a  proportionality  factor  of  2  and  divide 
v  by  1000,  to  obtain  convenient  numbers,  we  obtain: 

(4.1:12)  WTH  =  A  •  f— — 1  , 

™  UoooJ 

(with  A  in  mm2  and  v  in  m/s).  Table  4-3  lists  this  value  for  a  number  of  calibres, 
alongside  the  Weigel  and  Hatcher  criteria. 

Determining  effectiveness  using  the  relative  incapacitation  index.  The  meas¬ 
ures  of  effectiveness  discussed  so  far  can  all  be  determined  purely  from  the  bul¬ 
let’s  physical/ballistic  data  (mass  and  velocity)  and  arbitrary  constants.  The  chan¬ 
nel  in  a  body  (or  simulant)  is  ignored. 

The  oldest  and  probably  most  well-known  means  of  including  the  form  and  de¬ 
velopment  of  the  temporary  cavity  in  the  process  of  determining  effectiveness  is 
based  on  the  vulnerability  index  (VI).  See  Fig.  4-1.  Depending  on  the  position  of 
the  wound  channel  and  on  the  organs  damaged  by  the  bullet  as  it  passes  along  this 
channel,  VI  will  vary  as  a  function  of  penetration  depth. 
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Table  4-3.  Effectiveness  of  handgun  cartridges,  measured  in  accordance  with  four  criteria 
(WH,  Wth,  StP  and  RSP) 


Cartridge 

m 

[g] 

V 

[m/s] 

E 

[J] 

A 

[mm2] 

r 

[cm] 

WH 

Wth 

StP 

RSP 

22  short 

1.85 

285 

75 

24.6 

8.2 

2.0 

2.0 

1.9 

2.4 

22  L.R. 

2.55 

330 

142 

24.6 

14.4 

3.6 

2.7 

3.5 

3.3 

6.35  Browning 

3.25 

230 

88 

31.7 

8.4 

2.7 

1.7 

2.8 

4.2 

7.63  Mauser 

5.5 

440 

535 

46.0 

25.4 

11.7 

8.9 

25 

20 

7.65  Browning 

4.8 

300 

216 

46.0 

12.6 

5.8 

4.1 

10 

12 

9  mm  Browning, 
short 

6.0 

265 

215 

63.6 

9.5 

6.1 

4.5 

14 

19 

9  mm  Luger 

8.0 

350 

490 

63.6 

17.2 

11.0 

7.8 

31 

32 

38  Spl 

10.2 

265 

330 

63.6 

14.5 

9.3 

4.5 

24 

35 

357  Mag. 

10.2 

450 

1010 

63.6 

36.0 

23.0 

13.0 

74 

60 

44  Rem.  Mag. 

16.0 

475 

1800 

98.5 

41.7 

41.3 

22.3 

182 

135 

45  Auto 

16.0 

260 

516 

99.4 

14.9 

14.8 

6.7 

15 

59 

Penetration  in  fir  for  solid  lead  bullets:  theoretical  maximum  values. 


The  VI  and  the  cross-section  of  the  temporary  cavity  as  a  function  of  distance 
travelled  s  are  used  to  calculate  the  relative  incapacitation  index,  RII,  using  the 
equation  below. 

s  =  smax 

(4.1:13)  RII  =  71 '  f2(s) '  VI  (s)  ■  As  , 

s  =  0 


s  :  distance  travelled 

Smax  :  maximum  distance  (if  s  >  22  cm,  Smax  =  22  cm) 

VI(s):  value  of  VI  at  s 

r(s)  :  radius  of  the  temporary  cavity  at  s 

As  :  size  of  summation  increments  (the  thickness  of  the  “slices”  into  which  the  temporary  cav¬ 
ity  is  divided). 

The  VI/s  curves  in  Fig.  4-1  are  the  result  of  computer  simulation  using  Computer  Man)  see  3.4. 2. 3 
and  the  Monte  Carlo  method  (approx.  10,000  shots  per  curve). 


Fig.  4-1.  Vulnerability  index  for  a 
9  mm  Luger  Silvertip  bullet  produced 
by  W-W.  Energy  transfer  and  anatomy 
have  been  taken  into  account.  The 
curve  is  therefore  valid  only  for  one 
direction  of  fire. 
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189  m/s 


Penetration  depth  [mm] 


??5  m/s 


Penetration  depth  [mm] 


300  m/s 


Penetration  depth  [mm] 


320  m/s 


374  m/s 


Penetration  depth  [mm]  Penetration  depth  [mm] 


Fig.  4-2.  Form  and  size  of  the  temporary  cavity  as  a  function  of  impact  velocity  (top  left). 
Bullet  as  in  Fig.  4-1. 


As  we  have  seen,  the  degree  to  which  a  fragmentation  bullet  fragments  depends 
on  velocity  and  position.  If  one  fires  such  a  bullet  into  gelatine  or  soap,  varying 
impact  velocity  va,  one  obtains  temporary  cavities  of  differing  forms  (see  Fig.  4-2). 
For  each  of  these  cavities,  we  can  use  Eqn  4. 1: 13  to  calculate  the  R1I  as  a  function 
of  velocity.  For  a  given  calibre,  we  can  therefore  determine  the  velocity  that  yields 
maximum  effectiveness.  See  Fig.  4-3:  curve  for  Silvertip  9  mm  Luger  bullet  ma¬ 
nufactured  by  Winchester  Western  (m  =  5.5  g). 

Power  Index  Rating.  Because  of  the  extensive  experiments  and  calculations  re¬ 
quired  to  determine  the  RII,  and  because  the  R.II  is  unfavourable  to  certain  cali¬ 
bres  popular  in  the  USA,  new  experiments  were  conducted,  in  an  effort  to  de¬ 
scribe  the  effectiveness  of  handgun  bullets  using  easily-obtained  data. 

American  author  Matunas  (1984)  published  an  effectiveness  formula  to  cal¬ 
culate  what  he  called  a  “power  index  rating'’(PlR).  The  formula  was  as  follows: 


50  150  250  350  450  550  m/s 


Fig.  4-3.  RII  (relative  incapacitation 
index)  calculated  from  Figs  4-1  and  4-2, 
as  a  function  of  impact  velocity. 
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(4.1:14)  PIR  =  — — ' -  •  D  .  British/U.S.  system 

12111 

Where:  va  is  impact  velocity  in  ft/s,  ET  the  “energy  transfer  value”  from  Table  4-4  a,  B  the  mass  of 
the  bullet  in  grains  and  D  a  “diameter  value”  from  Table  4-4  b. 

Using  the  figure  of  12111  in  the  numerator,  the  author  standardized  what  he  saw 
as  a  satisfactory  bullet  (38  Spl  with  PbHP  bullet)  to  100.  He  used  this  as  the  basis 
of  an  assessment  scale  (see  Table  4-4  c). 

The  PIR  is  also  based  on  impact  energy.  In  metric  units,  substituting  energy  di¬ 
rect,  the  formula  for  PIR  is  as  follows: 

(4.1:14a)  PIR  =  27.4  •  E  •  ET  •  D  .  E  in  Joule 

The  two  additional  factors  ET  and  D  introduce  a  substantial  measure  of  subjectiv¬ 
ity  into  the  value  of  PIR,  although  these  values  could  be  derived  from  the  author’s 
experience.  Why,  for  instance,  should  calibres  of  10.15  to  11.41  mm  automatical¬ 
ly  be  10%  more  effective  than  those  of  8.88  to  10.14  mm?  The  same  applies  to 
ET. 


Table  4-4  a. 

Energy  transfer  value  (ET)  for  PIR 

ET 

Description 

0.01 

Bullets  of  which  the  cross-section  increases  on  impact 

0.0085 

Shape-stable  bullets  of  which  the  face  accounts  for  at  least 

60%  of  the  cross-section 

0.0075 

All  other  shape-stable  bullets 

Table  4-4  b. 

Diameter  value  (D)  for  PIR 

D 

Calibre  range  [mm] 

Calibre  range  [in] 

0.80 

5.05-6.33 

(.200-249) 

0.85 

6.34-7.60 

(.250-299) 

0.90 

7.61-8.87 

(.300-349) 

1.00 

8.88-10.14 

(.350-.399) 

1.10 

10.15-11.41 

(.400-449) 

1.15 

11.42-12.69 

(.450-.499) 

T able  4-4  c.  Assessment  table  for  values  of  PIR  (Matunas) 


PIR 

Effectiveness 

<24 

Unusable 

25-54 

Usable  only  if  particular  areas  of  the  body  are  hit 

55-94 

Usable  to  some  extent,  but  often  unsatisfactory  in  practice 

95-150 

Ideal 

151-200 

Very  effective 

>200 

Too  powerful 
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“Knockout  Value”.  The  “Knockout  Value”  (KO)  formulated  by  Taylor  (1948) 
is  another  momentum-based  effectiveness  formula.  Taylor  was  a  British  big- 
game  hunter.  His  formula  for  assessing  hunting  ammunition  was  as  follows: 

(4.1:15)  KO  =  m-v-k. 

The  above  formula  uses  mass  in  pounds,  velocity  in  feet  per  second  and  calibre  in  inches.  In  order 
to  produce  the  same  figures  when  using  SI  units  (grammes,  metres  per  second  and  millimetres  re¬ 
spectively),  one  must  apply  a  conversion  factor  of  0.000285  to  the  right-hand  side. 

Unlike  Hatcher's  RSP,  this  formula  uses  calibre  rather  than  the  face  area  A.  As  a 
result,  this  plays  a  lesser  role  than  in  the  RSP  formula.  The  KO  formula  takes  no 
account  of  deformation,  which  indicates  that  it  may  well  have  been  intended  only 
for  solid  and  full  metal-jacketed  bullets  of  the  types  used  for  big-game  hunting. 
We  include  this  formula  purely  for  the  sake  of  completeness. 

Caranta  and  Legrain’s  experiments  using  clay  as  a  simulant.  Like  wood, 
clay  is  heterogeneous,  and  its  behaviour  depends  to  a  very  large  extent  on  its 
composition  and  moisture  content.  It  is  significantly  denser  than  that  of  soft  bio¬ 
logical  tissue  and  its  flow  behaviour  when  struck  by  a  bullet  is  totally  different. 
As  a  result,  clay  can  only  be  used  for  purposes  of  comparison,  and  even  then  only 
if  the  density,  granulometry,  water  content,  plasticity,  etc.  of  the  blocks  of  clay  are 
sufficiently  similar.  Reproducing  experiments  with  clay  at  a  later  date,  or  at  an¬ 
other  location,  is  likely  to  be  very  difficult.  Nevertheless,  clay  is  still  used  on  oc¬ 
casion  to  assess  the  effectiveness  of  bullets. 

Caranta  and  Legrain  (1993)  conducted  an  extensive  set  of  experiments.  The 
reason  for  their  study  was  the  famous  controversy  as  to  which  is  the  more  effec¬ 
tive  handgun  bullet  -  the  9  mm  Luger  or  the  45  Auto. 

A  propos  this  “famous  controversy”:  The  question  as  to  whether  the  9  mm  Luger  or  the  45  Auto  is 
the  more  effective  pistol  cartridge  is  an  old  one,  but  one  which  continues  to  be  discussed  today. 
The  two  cartridges  have  approximately  the  same  energy,  but  the  differences  in  calibre  and  mass 
give  them  different  characteristics,  rendering  the  one  more  suitable  for  certain  roles  and  the  other 
more  suitable  for  others.  The  debate  has  given  rise  to  numerous  studies. 

Caranta  and  Legrain  confirmed  a  military  criterion,  whereby  a  bullet  is  “effec¬ 
tive”  if  it  passes  through  a  25  mm  piece  of  fir.  For  close-quarter  defensive  weap¬ 
ons  they  increased  this  value  (arbitrarily)  to  50  mm. 

The  Cavities  that  the  bullets  caused  in  clay  were  measured  up  to  a  depth  of 
15  cm.  Although  both  authors  noted  major  differences,  they  decided  that  a  cavity 
volume  of  0.62  1  was  a  representative  value  for  the  better  of  the  two  calibres  and 
set  a  minimum  volume  of  0.60  1  as  the  criteria  for  classifying  a  handgun  cartridge 
as  “effective.”  The  connection  between  this  and  the  criterion  of  a  bullet  passing 
through  a  fir  plank  of  a  given  thickness  is  not  entirely  clear. 

The  authors  conducted  a  large  number  of  tests  on  what  was  unfortunately  a 
highly  dubious  basis,  using  10  different  weapons  and  a  variety  of  ammunition 
types.  They  recorded  the  results  with  great  thoroughness,  measuring  volume,  Ion- 
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gitudinal  cross-section  and  the  diameter  at  various  points  along  the  cavity.  Ta¬ 
ble  4-5  shows  examples  of  their  results. 

Comparison  between  the  various  effectiveness  criteria.  To  conclude  our  dis¬ 
cussion  of  the  common  bullet  effectiveness  criteria,  Table  4-5  summarizes  the 
rating  that  the  different  criteria  assign  to  a  number  of  typical  handgun  bullets 
(Kneubuehl,  1990b).  We  have  been  careful  only  to  compare  values  that  are  in¬ 
deed  comparable.  In  the  case  of  the  effectiveness  criteria  derived  from  experi¬ 
ments,  differences  in  velocity  between  the  experiments  to  compare  should  not 
make  more  than  10  m/s. 

Table  4-6  summarizes  the  various  rankings,  with  1  representing  the  bullet  rated 
most  effective  according  to  the  criterion  concerned. 

These  figures  are  highly  informative,  in  that  they  clearly  show  that  it  is  well- 
nigh  impossible  by  means  of  simple  numbers  to  measure  the  effectiveness  of  rifle 
or  handgun  ammunition  objectively  and  in  a  manner  that  is  generally  valid.  As  the 
table  shows,  the  38  Spl  LRN  and  lead  wadcutter  are  at  the  bottom  of  the  rankings, 
regardless  of  which  effectiveness  criterion  is  used,  Conversely,  three  bullets  take 
first  place,  with  seven  in  second  place.  One  bullet  takes  first  place  or  last  place, 
depending  on  the  criterion  chosen,  while  another  is  to  be  found  anywhere  between 
second  and  tenth  place.  The  smallest  difference  between  best  and  worst  place  for  a 
given  bullet  is  4. 

This  is  the  clearest  possible  illustration  of  how  disparate  the  assessment  of 
bullet  effectiveness  can  be  if  simple  criteria  are  applied.  It  also  shows  how  much 
subjectivity  is  involved  in  the  formulas. 

Marshall  and  Sanow’s  “street  results”  Marshall  and  Sanow  (1992)  ad¬ 
dressed  the  question  of  bullet  effectiveness  from  the  point  of  view  of  practical  ex¬ 
perience.  They  called  their  work  a  “definitive  study”  and  believed  they  had  found 
the  secret  of  producing  a  definitive  assessment  of  effectiveness,  using  data  from 
real-life  cases.  Marshall  spent  a  huge  amount  of  time  analysing  over  1800  fire- 
fights  (“street  results”),  looking  exclusively  at  first  hits  to  the  body  or  head.  A 
shot  was  deemed  to  have  been  effective  if  it  caused  instantaneous  incapacitation, 
or  prevented  the  victim  from  fleeing  more  than  3  m.  For  each  calibre  and  type  of 
bullet,  he  calculated  the  ratio  of  effective  hits  (according  to  these  criteria)  to  the 
total  number  of  cases  analysed.  This  percentage  figure  was  then  taken  as  the  ef¬ 
fectiveness  of  the  bullet  (“mean  effect”  would  have  been  a  more  precise  term). 

At  first  sight,  this  definition  of  effect,  drawn  from  “real  life,”  would  appear  to 
solve  the  old  problem.  Flowever,  the  validity  of  the  results  is  beset  by  a  number  of 
statistical  and  other  pitfalls. 

The  numbers  the  authors  give  to  describe  effect  are  in  fact  simple  frequencies, 
just  like  RI1.  Statistically  speaking,  the  two  criteria  are  analogous. 
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Table  4-5.  Comparison  between  the  various  effectiveness  criteria 


Calibre 

No. 

Bullet 

M 

[Ns] 

E 

[J] 

RSP 

StP 

w„ 

PIR 

C/L 

RII 

WTH 

9  mm  Luger 

1 

FMJ 

2.58 

415 

26.5 

14.0 

10.8 

85 

0.69 

11.3 

3.30 

2 

SJHP 

2.77 

511 

39.5 

23.9 

12.4 

140 

1.63 

28.2 

7.80 

38  Spl 

3 

LRN 

2.54 

316 

29.0 

11.8 

9.4 

65 

0.37 

4.8 

1.97 

4 

SJHP 

2.19 

388 

31.2 

18.2 

9.7 

106 

1.72 

28.9 

7.18 

5 

LSWC 

2.57 

324 

32.2 

13.3 

9.5 

76 

1.17 

6.7 

2.02 

6 

LWC 

2.13 

235 

30.4 

11.0 

7.4 

64 

0.59 

9.0 

2.16 

357  Mag. 

7 

LRN 

3.58 

628 

40.8 

23.5 

15.7 

129 

0.70 

21.0 

3.92 

8 

SJHP 

3.40 

714 

48.5 

33.4 

16.3 

196 

1.69 

40.8 

10.10 

9 

SJHP 

3.50 

600 

49.9 

28.1 

15.2 

165 

1.45 

22.3 

6.74 

45  Auto 

10 

FMJ 

3.92 

515 

64.6 

27.8 

14.9 

117 

- 

4.3 

3.53 

11 

SJHP 

3.58 

492 

81.9 

36.9 

13.9 

148 

1.98 

18.0 

6.95 

Table  4-6.  Rankings 


Calibre 

No. 

m 

[g] 

v0 

[m/s] 

I 

E 

RSP 

StP 

wH 

PIR 

C/L 

RII 

WTH 

9  mm  Luger 

1 

8.0 

322 

7 

7 

11 

8 

7 

8 

8 

7 

8 

2 

7.5 

369 

6 

5 

6 

5 

6 

4 

4 

3 

2 

38  Spl 

3 

10.2 

249 

9 

10 

10 

10 

10 

10 

10 

10 

11 

4 

6.2 

354 

10 

8 

8 

7 

8 

7 

2 

2 

3 

5 

10.2 

252 

8 

9 

7 

9 

9 

9 

6 

9 

10 

6 

9.7 

220 

11 

11 

9 

11 

11 

11 

9 

8 

9 

357  Mag. 

7 

10.2 

351 

2 

2 

5 

6 

2 

5 

7 

5 

6 

8 

8.1 

420 

5 

1 

4 

2 

1 

1 

3 

1 

1 

9 

10.2 

343 

4 

3 

3 

3 

3 

2 

5 

4 

5 

45  Auto 

10 

14.9 

263 

1 

4 

2 

4 

4 

6 

- 

11 

7 

11 

13.0 

275 

3 

6 

1 

1 

5 

3 

1 

6 

4 

Abbreviations  used  in  Tables  4-5  and  4-6 


m 

mass  of  bullet 

Vo 

impact  velocity 

I 

momentum 

E 

energy 

RSP  “Relative  Stopping  Power”  (Hatcher) 

StP 

“Stopping  Power”  (Hatcher) 

WH 

Weigel’s  formula  (wood  model) 

PIR 

“Power  Index  Rating”  (Matunas) 

RII 

„Relative  Incapacitation  Index" 

WTH 

Sellier’s  formula 

C/L  Clay  (Caranta  and  Legrain) 


For  instance,  if  Cartridge  A  has  a  “street  result”  value  of  88%  and  Cartridge  B  a  value  of  76%,  one 
may  conclude  that,  over  a  large  number  of  incidents,  Cartridge  A  will  achieve  a  few  more  suc¬ 
cesses  than  Cartridge  B.  Whether  Cartridge  A  will  actually  prove  to  be  the  better  type  in  the  next 
incident  (which  could  be  one’s  last),  cannot  be  deduced  from  these  figures. 

The  number  of  cases  analysed  varies  enormously  from  one  cartridge  type  to  another.  Some 
percentages  were  calculated  on  the  basis  of  just  five  cases  (!),  while  others  are  based  on  400.  It  is 
misleading  to  compare  two  types  of  cartridge  on  the  basis  of  such  widely  different  frequencies. 
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The  data  used  to  assess  the  effect  of  the  cartridge  are  derived  from  the  effect  ob¬ 
served  in  real  life.  In  theory,  there  can  be  no  objection  to  this.  However,  a  large 
number  of  parameters  are  missing  -  exact  point  of  impact,  condition  of  the 
weapon,  mental  state  of  the  victim,  etc.  -  which  introduces  considerable  scatter. 
This  in  turn  makes  it  very  difficult  to  draw  comparisons  and  renders  any  predic¬ 
tions  highly  unreliable. 

MacPherson’s  “Wound  Trauma  Incapacitation”  In  his  book  “Bullet  Penetra¬ 
tion”  (1994)  MacPherson  introduces  a  criterion  for  assessing  the  effectiveness  of 
a  bullet  that  can  be  determined  using  gelatine.  His  method  is  based  on  the  damage 
done  to  the  tissue,  i.e.  the  effect  of  the  bullet.  He  therefore  excludes  energy  as  a 
criterion  because,  for  instance,  a  bullet  fired  into  water  transfers  energy  to  the 
water,  yet  does  not  damage  it. 

In  the  case  of  tissue,  the  damage  caused  depends  to  a  large  extent  on  the  struc¬ 
ture  of  the  tissue  and  its  physical  characteristics,  and  on  the  extent  to  which  it  can 
absorb  the  energy  from  the  bullet  and  convert  it  into  work.  For  his  “Wound 
Trauma  Incapacitation”  (WTI)  MacPherson  therefore  chose  the  volume  of  the 
gelatine  damaged  by  the  bullet. 

It  is  virtually  impossible  to  determine  this  volume  empirically  to  a  sufficient  degree  of  accuracy. 
Methods  of  measuring  the  effect  of  a  bullet  by  measuring  the  volume  of  tissue  damaged  (debride¬ 
ment)  had  already  been  proposed  (Berlin  et  al.  1976,  Berlin  et  al.  1977),  but  were  rejected 
because  the  results  varied  too  widely  from  one  person  to  another.  The  same  result  is  to  be  expected 
when  using  gelatine. 

MacPherson  determined  this  volume  analytically,  using  empirical  constants 
(coefficient  of  resistance  and  bullet  constant)  obtained  from  experiments  with 
gelatine.  Despite  his  detailed  instructions,  it  would  appear  to  be  relatively  difficult 
to  repeat  the  process  in  other  laboratories  in  such  a  way  as  to  produce  comparable 
results. 

4.1. 2.4  Summary  and  conclusions 

We  can  divide  the  effectiveness  criteria  discussed  in  4. 1.2.3  into  three  categories: 

1  Criteria  based  on  the  momentum  of  the  bullet. 

2  Criteria  based  on  the  energy  of  the  bullet. 

3  Statistics-based  criteria. 

The  momentum  criteria  include  Hatcher’s  “Relative  Stopping  Power”  (RSP) 
(1935)  and  Taylor’s  “Knockout  Value”  (KO).  As  mentioned  earlier,  the  mo¬ 
mentum  of  a  bullet  has  very  little  to  do  with  its  possible  effect  in  the  body.  It  is 
therefore  impossible  to  apply  momentum-based  criteria  to  bullets  that  penetrate 
the  body. 

The  energy-based  criteria  include  Hatcher’s  “Stopping  Power”  (StP)  (1927), 
Matunas’  “Power  Index  Rating”  (PIR)  and  the  measures  of  effectiveness  pro- 
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posed  by  Weigel  (Wh)  and  Sellier  (Wth)-  All  these  criteria  include  the  impact 
energy  of  the  bullet  and  hence  the  maximum  energy  that  the  bullet  could  transfer 
to  the  body.  However,  the  effectiveness  of  a  bullet  depends  not  on  the  energy 
available  to  it,  but  on  the  energy  that  it  is  capable  of  transferring  to  the  tissue. 
Each  formula  therefore  requires  additional  variables  that  take  account  of  the  be¬ 
haviour  of  the  bullet  in  tissue.  In  the  cases  of  StP  and  PIR,  these  are  coefficients 
chosen  by  the  authors,  which  naturally  include  a  high  degree  of  subjectivity  (e.g.  a 
preference  for  larger  calibres).  Wh  uses  a  formula  that  approximates  the  volume 
of  the  wound  channel  in  wood,  while  Wth  uses  theoretical  considerations  regard¬ 
ing  energy  transfer  to  introduce  the  sectional  density  of  the  bullet  (taking  account 
of  deformation).  Caranta  and  Legrain  (C/L)  use  the  volume  of  the  cavity  cre¬ 
ated  by  the  bullet,  which  is  proportional  to  the  energy  transferred.  Unfortunately, 
they  chose  clay,  which  is  a  very  unsuitable  medium. 

None  of  these  criteria  is  capable  of  representing  the  local  potential  energy 
transfer,  which  is  what  counts  as  far  as  effectiveness  is  concerned.  If  we  disregard 
those  that  include  subjective  adjustments  and  those  based  upon  cavity  volumes  in 
unrepresentative  materials,  the  only  measure  of  effectiveness  remaining  is  that  of 
Sellier,  Wth-  However,  even  this  value  can  only  be  taken  as  a  rough  indication, 
as  it  does  not  tell  us  the  amount  of  energy  transferred  at  a  given  point. 

The  statistical  methods  -  “Relative  Incapacitation  Index”  (RII),  “Street  Re¬ 
sults”  and  “Wound  Trauma  Incapacitation”  (WTI)  all  aim  to  record  the  effect  of 
the  bullet.  RII  is  based  on  the  simulation  of  bullet  wounds  using  Computer  Man, 
which  in  turn  is  based  on  the  results  of  animal  experiments.  The  “Street  Results” 
are  based  on  statistics  from  a  few  thousand  real-life  firefights.  WTI  is  calculated 
with  the  aid  of  parameters  derived  from  experiments  with  gelatine. 

All  three  methods  use  the  effect  of  the  bullet  on  the  human  body  -  real  or 
simulated.  The  RII  and  “Street  Results”  also  take  account  of  elements  of  the  effect 
that  are  independent  of  the  bullet.  RII  takes  account  of  the  point  of  impact  and  the 
path  of  the  wound  channel,  but  not  of  the  physical  or  mental  state  of  the  victim. 
The  “Street  Results”  are  based  on  actual  effect,  but  are  subject  to  systematic  and 
random  errors  (selection  of  cases,  definition  of  “stop,”  missing  ballistic  data,  etc.). 

WTI,  despite  claiming  to  describe  effect  (i.e.  the  destruction  of  tissue),  takes  no 
account  of  the  direction  or  length  of  the  wound  channel,  which  means  that  it  is 
only  valid  for  gelatine. 

Effect  criteria  ignore  the  fact  that  the  energy’  that  a  bullet  transfers  to  a  medium 
cannot  be  compared  with  the  energy’  that  the  medium  absorbs  or  the  energy  con¬ 
verted  into  work.  The  energy  transferred  as  a  function  of  penetration  depth  is  vir¬ 
tually  the  same  in  all  accepted  simulants,  and  in  biological  tissue,  and  can  hence 
be  used  as  a  measure  of  the  effectiveness  of  the  bullet  (its  potential  effect),  inde¬ 
pendent  of  the  medium  and  of  the  path  of  the  wound  channel.  The  energy  con¬ 
verted  into  work,  which  is  what  does  the  actual  damage,  depends  very  much  on 
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the  tissue  and  its  physical  characteristics.  It  therefore  cannot  be  seen  purely  as  a 
characteristic  of  the  bullet. 

4.1.3  Determining  the  effectiveness  of  a  bullet 
4.1. 3.1  Definition  of  effectiveness 

From  4. 1.1.1,  we  see  that  the  wounding  potential  of  a  bullet  -  its  effectiveness  - 
has  to  be  based  on  the  mechanical  work  that  the  bullet  does  on  tissue.  This  work  is 
equal  to  the  energy  transferred  from  the  bullet  to  the  tissue.  Because  the  amount 
of  energy  transferred  can  vary  significantly  along  the  wound  channel,  it  would 
appear  appropriate  to  define  the  effectiveness  of  a  bullet  as  the  energy  transferred 
per  unit  distance,  as  a  function  of  penetration  depth.  The  unit  of  measure  is  hence 
energy  per  unit  distance,  with  J/cm  yielding  a  suitable  order  of  magnitude.  For  a 
distance  As,  Eqn  3.2:5  (see  3. 2. 2. 5)  gives: 

AF 

(4.1:16)  —  *  E'ab(s)  =  -2-9t(s)-E(s)  .  [J/cm] 

As 

According  to  this  definition,  effectiveness  (in  mathematical  tenns)  is  the  gradient  E'ab(s)  of  the 
energy  transfer  function  E  =  E(s)  for  E(0)  =  0  and  E(smax)  =  EA,  where  smax  is  the  depth  at  which 
the  bullet  comes  to  rest  and  EA  is  the  impact  energy. 

The  energy  transferred  at  a  point  s  along  the  path  As  is  hence  proportional  to  the 
energy  remaining  at  that  point  E(s)  and  the  retardation  coefficient  '.It.  9t  depends 
on  the  density  of  the  tissue  and  on  the  resistance  coefficient  Co,  and  is  inversely 
proportional  to  the  instantaneous  sectional  density  of  the  bullet  at  s  (remaining 
mass  divided  by  instantaneous  cross-sectional  area  in  the  direction  of  travel).  See 
Eqn  3.2:4a. 

(4.1:17)  'Jt(s)  =  *7  'P  .  [nT1] 

2  •  q(s) 

If  a  bullet  deforms  inside  the  medium,  or  undergoes  yaw,  sectional  density  decreases  and  the 
retardation  coefficient  increases.  According  to  Eqn  4.1:16,  the  amount  of  energy  transferred  will 
also  increase. 

The  effectiveness  of  the  bullet  is  independent  of  the  path  of  the  wound  channel 
and  of  other  circumstances  that  influence  the  effect  of  the  bullet,  such  as  psycho¬ 
logical  factors.  Effectiveness  is  one  of  the  characteristics  of  a  particular  bullet. 
This  implies  that  the  effectiveness  of  a  bullet  can  only  be  measured  using  prede¬ 
fined,  suitable  simulants  (as  described  in  3.3).  This  is  an  essential  precondition  for 
comparing  the  effectiveness  of  one  bullet  with  that  of  another. 
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Fig.  4-4.  Effectiveness  'F  (black  line) 
and  energy  transferred  E  (grey  line)  for  a 
357  Mag.  semi-jacketed  bullet. 


Fig.  4-5.  Effectiveness  VF  (black  line) 
and  energy  transferred  E  (grey  line)  for  a 
5.56  x  45  full  metal-jacketed. 


4.1. 3.2  Measuring  effectiveness 

Martel’s  law  (see  2. 3. 7. 3)  comes  into  play  when  determining  effectiveness  em¬ 
pirically.  If  a  bullet  penetrates  a  deformable  medium  and  displaces  material,  the 
volume  created  is  proportional  to  the  energy  used.  This  is  true  not  only  for  glyc¬ 
erine  soap  (which  undergoes  plastic  deformation)  but  also  for  gelatine,  in  which 
only  a  temporary  cavity  is  created.  Determining  the  effectiveness  of  a  bullet  is 
therefore  a  matter  of  determining  the  volume  of  the  cavity  that  the  bullet  creates  in 
a  simulant. 

We  have  already  described  in  detail  (in  3.3)  the  methods  used  for  gelatine  and 
glycerine  soap.  Figures  4-4  and  4-5  show  the  effectiveness  functions  for  two  bul¬ 
lets,  by  way  of  example. 

For  many  years,  the  ballistic  laboratories  of  Dynamit  Nobel  AG  have  been  de¬ 
termining  the  effectiveness  functions  of  bullets  using  gelatine  (Gawlik  and 
Knappworst  1972,  and  Knappworst  1976).  Methods  using  soap  have  been  de¬ 
veloped  at  the  ballistics  laboratory  of  the  Swiss  ministry  of  defence  (Kneubuehl 
1999a).  The  results  of  the  two  methods  correspond  closely. 


4.1.4  Military  effectiveness  criteria 
4.1. 4.1  Definitions  of  effectiveness 

For  military  purposes,  the  effectiveness  of  a  projectile  is  generally  defined  ac¬ 
cording  to  one  of  the  following  principles: 

1.  A  projectile  (be  it  a  bullet  or  a  fragment)  is  “effective”  if  it  has  enough  ki¬ 
netic  energy  to  pass  through  a  specified  thickness  of  a  specified  material. 

2.  A  level  of  kinetic  energy  is  specified  for  the  projectile  that  is  held  to  be  just 
sufficient  to  incapacitate  a  person. 
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3.  The  probability  is  specified  of  a  projectile  with  a  given  energy  incapacitat¬ 
ing  a  person. 

Regarding  the  first  principle'.  It  is  very  easy  to  verify  that  a  projectile  meets  effec¬ 
tiveness  criteria  based  on  a  projectile  passing  through  a  hard  material.  As  a  result, 
such  criteria  are  popular  and  are  in  widespread  use.  In  general,  common  materials 
are  used  that  can  be  defined  reasonably  well  and  are  easy  to  obtain. 

The  materials  used  are  generally  pine  or  fir  boards  with  thicknesses  ranging  from  20  to  40  mm, 
and  steel  or  aluminium  sheet  with  thicknesses  ranging  from  1  to  3  mm.  Wood  is  less  suitable,  as  it 
has  a  heterogeneous  structure  and  is  not  easy  to  describe,  on  account  of  such  factors  as  moisture 
content. 

In  Germany,  for  instance,  a  projectile  is  deemed  effective  against  persons  if  it  passes  through  a 
sheet  of  galvanized  steel  sheeting  1.5  mm  thick  (St  37,  DIN  17100).  A  7  mm  steel  sphere  requires 
80  J  to  pass  through  such  a  sheet.  Naturally,  the  energy  required  varies  with  the  diameter  of  the 
sphere. 

The  disadvantage  of  determining  effectiveness  in  this  manner  is  that  whether  or 
not  a  projectile  passes  through  a  hard  material  depends  primarily  on  the  energy 
density  of  the  projectile,  whereas  effectiveness  depends  on  the  energy  transferred. 
As  a  result,  this  method  can  lead  to  totally  erroneous  decisions. 

Principle  2:  The  amount  of  kinetic  energy  a  projectile  needs,  in  order  to  put  a 
soldier  out  of  combat  is  generally  termed  the  casualty  criterion. 

Rhone  (1896)  formulated  the  first  effectiveness  criterion,  according  to  which 
the  transfer  of  80  J  of  energy  was  sufficient  to  cause  incapacitation.  Gurney 
(1944)  was  of  the  opinion  that  this  value  applies  to  projectiles  weighing  between 
50  mg  (fragments)  and  30  g.  Over  the  years,  therefore,  various  States  have  laid 
down  energy  thresholds  of  this  type  (see  Table  4-7). 

The  large  difference  between  the  French  and  Russian  values  (1:6)  indicates  that 
this  criterion  is  not  very  useful.  FlNCK  (1965)  stated  that  it  would  appear  difficult 
and  unrealistic  to  lay  down  a  standard  of  this  type.  Many  other  factors,  such  as  the 
form  of  the  bullet  tip,  the  path  of  the  wound  channel,  etc.,  have  a  major  effect  on 
the  energy  required  to  cause  incapacitation. 

It  is  worth  repeating  what  was  said  about  the  effect  of  a  bullet  in  4.1.1:  The  ef¬ 
fect  depends  not  only  on  the  energy  transferred  (the  effectiveness)  but  also,  to  a 
large  extent,  on  the  physical  and  mental  state  of  the  victim.  A  highly  motivated 
fighter  (e.g.  in  the  Pacific  theatre  during  the  Second  World  War,  see  CHURCHILL, 


T able  4-7.  Energy  thresholds  laid  down  by  States 


State 

Threshold  [J] 

Note 

France 

40 

Germany 

80 

Rhone,  1896 

USA 

80 

Gurney,  1944 

Switzerland 

150 

Until  ca.  1975,  later  80  J. 

Russia 

240 
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“The  Second  World  War”)  or  the  native  defending  his  land  against  the  white  in¬ 
vader  (i.e.  the  colonial  wars)  requires  a  more  effective  projectile  for  a  given  effect 
than  does  the  unmotivated  soldier.  The  path  of  the  wound  channel  in  the  body  is 
also  highly  significant.  For  a  given  energy  transfer,  a  bullet  passing  through  the 
neck  will  have  a  very  different  effect  to  that  of  the  same  bullet  passing  through  the 
soft  tissue  of  the  thigh. 

Principle  3:  this  is  the  subject  of  the  next  section. 

4.1. 4.2  Probability  of  incapacitation 

General.  The  probability  that  a  person  will  be  incapacitated  due  to  the  effective¬ 
ness  of  a  bullet  or  a  fragment  is  determined  not  by  a  single  energy  value,  but  by  a 
number  of  parameters.  These  are: 

1.  The  ballistic  properties  of  the  projectile,  generally  the  impact  energy  Vi-m-v2 
or  a  more  general  function  of  m  and  v:  m“-v*3. 

2.  The  point  of  impact  and  the  path  of  the  wound  channel  in  the  body. 

3.  The  activity  on  which  the  soldier  is  engaged  (attack,  defence,  etc.).  Psycho¬ 
logical  and  other  factors  come  into  play  here. 

Military  wound  ballistics  literature  express  such  probability  functions  as  P(1|H), 
where  I  =  incapacitation  and  H  =  hit.  P(I|H)  is  hence  the  probability  of  incapaci¬ 
tation  occurring  if  a  soldier  is  hit. 

P(IjH)  =  0.2  therefore  means  that  if  we  consider  a  large  number  of  soldiers,  20%  will  be  incapaci¬ 
tated,  but  that  1  -  P(I|H)  =  0.8  (80%)  will  still  be  capable  of  fighting.  This  figure  takes  no  account 
of  the  fate  of  the  individual;  P(I|H)  is  a  statistical  figure,  which  is  only  relevant  when  taken  as  the 
mean  over  a  large  number  of  persons. 

It  is  interesting  to  consider  the  form  a  P(1|H)  function  should  take  in  principle,  if  it 
is  to  take  account  of  energy  and  other  factors.  For  very  small  amounts  of  energy 
Ea,  P(I|H)  =  0.  As  Ea  increases,  so  does  P(I|H),  tending  towards  1  as  Ea  increases 
further.  A  further  increase  in  Ea  produces  no  further  increase  in  P(I|H),  leading 
only  to  what  in  military  terms  would  be  dubbed  “overkill.”  The  function  must 
therefore  yield  the  following: 

for  Ea  — >  0  =>  P(I|H)  ->  0  and 

for  Ea  ->  oo  =>  P(I|H)  ->  1  . 

A  large  number  of  functions  fulfil  these  requirements.  The  simplest  and  most 
widely-used  belong  to  the  following  two  classes  of  exponential  function: 

(4.1:18)  y  =  1  -  exp(-a-x  +  b)n  , 

(4.1:19)  y  =  - - -  . 

1  +  exp(-  a  -x  +  b)n 
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For  small  values  of  exp(-a-x  +  b)n  (y  close  to  1)  the  two  equations  are  related  as 
follows: 

(4.1:20)  — —  *  1  -  z  ,  if  |  z  |  «  1  . 

1  +  z 

Under  these  conditions,  the  results  of  the  two  equations  are  practically  identical. 

Incapacitation  formulas.  In  addition  to  impact  energy  Ea  (or  the  mass  and  veloc¬ 
ity  of  the  projectile),  the  two  equations  include  the  following  parameters: 

1  The  probability  of  a  particular  area  of  the  body  being  hit,  depending  on  the 
soldier’s  activity  at  the  time. 

2  The  probability  of  incapacitation  for  a  given  wound  channel  in  a  given  area 
of  the  body. 

The  first  of  these  probabilities  can  only  be  determined  from  combat  experience. 
Beebe  and  De  Bakey  (1952)  give  the  values  listed  in  Table  4-8,  for  instance.  It  is 
interesting  to  note  that  these  figures  remain  virtually  constant  over  different  wars, 
even  though  the  percentage  of  wounds  caused  by  different  projectiles  (fragments 
vs.  bullets)  is  very  different  in  some  cases. 

The  second  type  of  probability  is  determined  separately  for  each  area  of  the 
body  (head  and  neck,  chest,  abdomen,  arms  and  legs).  The  P(I|H)  for  a  person  as 
whole  is  hence  the  sum  of  the  individual  P(I|H)  values,  multiplied  (weighted)  by 
the  probability  of  a  particular  area  of  the  body  i  sustaining  a  hit  (p;).  See  Table  4-8 
for  examples. 

We  can  therefore  write: 

(4.1:21)  P(I|H)  =  £P(I  H);-Pt-  [-] 

i  =  1 

While  values  for  pi  are  known  from  statistics  or  combat  experience,  or  can  be  de¬ 
termined  without  too  much  work,  determining  P(I|H)  demands  considerable  re¬ 
sources  in  terms  of  money,  personnel  and  time,  quite  apart  from  the  incredible 
number  of  animals  required  (over  10,000).  As  a  result,  the  values  and  parameters 
determined  empirically  are  almost  always  secret,  to  ensure  that  these  hard-won 
values  do  not  fall  into  the  hands  of  a  potential  enemy. 


Table  4-8.  Hit  distribution  for  US  infantrymen  in  the  Second  World  War 


Area  of  body 

Body  surface  area 
[%] 

Hits 

[%] 

Head  and  neck 

12 

21 

Chest 

16 

13 

Abdomen 

11 

8 

Arms 

22 

23 

Legs 

39 

35 
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To  determine  P(I|H),  it  is  necessary  to  carry  out  test  shots  for  each  part  of  the 
body  i,  for  a  specific  bullet,  at  a  number  of  different  impact  velocities  va.  This 
then  yields  the  length  and  diameter  of  the  wound  channel  for  a  standing  person. 
An  experienced  doctor  can  then  determine  the  probability  of  incapacity  if  a  par¬ 
ticular  organ  (or  part  of  an  organ)  is  hit.  See  also  3. 4. 2. 3  and  3. 4. 2. 4. 

It  is  not  possible  to  determine  the  wound  ballistic  effect  on  a  person  without 
comparing  the  results  with  real  wounds.  The  well-known  formulas  drawn  up  by 
Sperrazza  and  Allen  in  1956  (Sperrazza  1962,  Sperrazza  and  Kokinakis 
1965)  used  the  results  of  animal  experiments  and  involved  firing  bullets  into  body 
parts  of  goats.  The  decrease  in  velocity  in  various  organs  was  then  measured.  In 
addition,  shots  were  fired  into  living  animals,  and  their  behaviour  was  observed. 
After  the  animals  had  been  killed  they  were  dissected  and  the  findings  analysed 
from  a  pathological  point  of  view,  in  order  to  draw  conclusions  regarding  the  ef¬ 
fects  of  bullet  wounds  on  humans.  It  is  easy  to  see  how  much  work  went  into  de¬ 
termining  the  parameters  for  the  P(I|H)  function. 

We  shall  now  look  at  a  number  of  equations  for  P(I|H),  as  proposed  by  various 
authors  and  States. 

Sperrazza  and  Allen  produced  the  following  formula,  which  applies  to 
spherical  and  cuboid  fragments: 

(4.1:22)  P(I|H)  =  1  -  exp[-a-(m-vf -b)n]  .  [-] 

The  values  of  a,  b  and  n  were  kept  secret  for  many  years.  These  parameters  allow 
the  formula  to  take  account  of  the  activity  the  soldier  is  undertaking  when  hit.  It  is 
interesting  to  note  that  in  this  instance  P(1|H)  depends  not  upon  va2  (i.e.  energy) 
but  upon  va  ,  i.e.  the  geometric  mean  of  the  energy  and  momentum  of  the  bullet. 
Eqn  4.1:22  was  not  sufficiently  general,  however  (e.g.  it  did  not  describe  the 
wound  ballistic  effects  of  dart-shaped  projectiles),  and  so  attempts  were  made  to 
find  a  better  (in  the  sense  of  more  general)  equation. 

Dziemian  (1958)  produced  an  equation  that  related  P(1|H)  and  the  energy  Ei_ 
i5Cm  transferred  to  a  gelatine  block  15  cm  in  length.  The  block  length  was  chosen 
on  the  assumption  that  a  wound  channel  15  cm  in  length  will  reach  any  vital  or¬ 
gan,  regardless  of  the  direction  from  which  the  projectile  comes,  and  that  deeper 
penetration  will  achieve  no  further  effect.  It  was  also  assumed  that  a  projectile  that 
penetrates  no  further  than  1  cm  will  not  damage  any  tissue  that  would  incapacitate 
the  person  (except  in  the  case  of  the  hand). 

Dzieman’s  equation  is  as  follows: 

(4.1:23)  P(I|H)  =  - -  1  - [-] 

1  +  exp  [-(a  +  b- logE,  I5cm)] 

Constants  a  and  b  should  be  the  same  regardless  of  the  projectile  type  -  fragment 
or  bullet. 
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Initially,  energy  Ef!  |5cm)  was  determined  using  high-speed  film  of  shots  into 
gelatine.  This  technique  is  very  expensive  and  time-consuming,  however.  At¬ 
tempts  were  therefore  made  to  find  simpler  methods.  The  tried-and-trusted  ballis¬ 
tic  pendulum  was  chosen,  although  this  approach  does  only  allow  one  to  measure 
the  energy  AKE  transferred  to  the  gelatine  block. 

Using  energy  transfer  AKE  yielded  the  following  incapacitation  formula: 

(4.1:24)  P(I|H)  =  1  -  exp(-a-AKE)”  .  [-] 

The  significance  of  the  parameters  a  and  n  has  already  been  discussed  above. 

The  NATO  wounding  criterion,  formulated  in  1975  by  STURDIVAN  on  the  basis 
of  secret  research,  uses  expected  kinetic  energy’  (EKE),  which  is  calculated  as 
follows: 

(4.1:25)  EKE  =  J  p(x)  •  F(x)  •  dx  .  [J] 

where  p(x)  is  the  probability  of  the  bullet  still  being  in  the  body  at  point  x  and 
F(x)  is  the  decelerating  force  acting  on  the  bullet  at  point  x.  This  force  is  meas¬ 
ured  from  centimetre  to  centimetre.  The  integral  for  F(x)-dx  is  simply  the  energy 
transferred  to  the  body.  However,  energy  can  only  be  transferred  if  the  bullet  is 
still  in  the  body  at  x.  This  is  reflected  in  the  inclusion  of  p(x).  For  a  given  individ¬ 
ual,  p(x)  is  1  if  the  bullet  is  still  in  the  body  and  zero  if  it  has  left  the  body.  This  is 
known  as  a  rectangular  function.  However,  if  one  considers  a  population  of  indi¬ 
viduals,  p(x)  does  not  drop  from  1  to  0  instantaneously:  the  value  of  p  falls  gradu¬ 
ally,  on  account  of  the  scatter  in  the  dimensions  of  the  human  body.  Fig.  4-6 
shows  probability  curves  (p(x))  for  bullet  track  length  in  various  parts  of  the  body. 

In  practice,  x-ray  flash  photography  was  used  to  measure  the  decrease  in  the  velocity  of  the  bullet 
in  the  30  cm  gelatine  block  from  centimetre  to  centimetre,  and  the  velocity/distance  curve  ex¬ 
trapolated  out  to  45  cm.  EKE  was  than  calculated  using  the  discretized  form  of  Eqn  4. 1 :25. 

Sturdivan’s  equation  is  as  follows: 


Fig.  4-6.  Probability  curves  p(x) 
for  bullet  track  length  in  various 
parts  of  the  body  as  a  function  of 
penetration  depth  x.  The  solid  curve 
is  the  mean  of  the  other  two  curves, 
and  refers  to  the  body  as  a  whole. 
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where  a,  P  and  y  are  once  again  (secret)  constants  that  serve  to  adapt  the  curve  to 
the  circumstances.  At  a  later  stage,  the  equation  was  improved  (or  so  it  was 
claimed)  by  replacing  the  numerator  with  a  constant  L,  of  which  the  value  was 
something  other  than  1 . 

In  summary,  it  would  appear  that  a  lot  of  “playing  with  numbers”  is  going  on 
here,  in  connection  with  all  the  expressions  for  P(I|H)  cited  above.  This  could  well 
be  linked  to  the  excessive  and  uncritical  use  of  the  computer  to  analyse  the  results. 
Indeed,  this  is  hinted  at  by  the  large  number  of  terms  used  to  describe  one  thing  - 
the  incapacitation  of  a  soldier  as  a  function  of  impact  energy.  It  also  shows  that 
there  is  considerable  variation  in  the  reaction  of  a  biological  system  to  trauma, 
although  “integrating”  over  a  large  number  of  individuals  can  compensate  for  this 
to  some  extent. 

One  should  therefore  take  a  critical  view  of  these  expressions.  Ultimately,  they 
are  simply  a  mathematical  description  of  the  situation.  They  do  not  establish  any 
physical  or  pathological  relationship.  At  best,  they  show  that  for  low  impact 
energies  the  effect  (i.e.  incapacitation)  is  negligible  (P(I|H)  «  0,  whereas  for  very 
high  energies  (“overkill”)  a  virtually  100%  effect  is  to  be  expected  (P(I|H)  «  1). 

Table  4-9  lists  the  most  significant  of  the  effectiveness  criteria  proposed  in  the 
USA  over  the  years. 


Table  4-9.  Summary  of  the  US  effectiveness  criteria 

Author  Criterion  Year 

BENTON  Bullet  passes  through  fir  plank  1 867 

Rhone  Kinetic  energy:  80  J  1896 

ZUCKERMAN  m04-v  (bullet  passes  through)  1942 

Sperrazza  and  Allen  m-v3/2  1956 

DztEMIAN  E,  i5  cm,  energy  transfer  in  15  cm  of  gelatine  1960 

STURDIVAN  Expected  kinetic  energy  (EKE)  1975 
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4.2  Wound  ballistics  of  handgun  bullets 

4.2.1  Penetration  depth  of  handgun  bullets  and  ability  to  pass 
through  gelatine,  soap,  muscle  and  bone 

4. 2.1.1  General 

The  material  in  this  section  applies  primarily  to  bullets  fired  from  handguns  (i.e. 
pistols  and  revolvers),  and  such  bullets  generally  carry  relatively  little  energy. 
They  are  therefore  significantly  less  effective  than  rifle  bullets,  which  carry  many 
times  more  energy.  The  direct  effect  of  the  bullet  is  hence  more  important  than  the 
effects  of  the  temporary  cavity  (indirect  damage).  Two  factors  that  are  of  more 
importance  in  connection  with  handgun  bullets  are  penetration  depth  and  the 
minimum  velocity  required  for  the  bullet  to  penetrate  and  pass  through  various 
materials.  These  factors  are  of  secondary  importance  when  considering  rifle  bul¬ 
lets,  as  a  rifle  bullet  will  always  have  more  than  enough  energy  to  pass  right 
through  the  body,  except  at  the  end  of  its  trajectory  or  in  the  case  of  a  ricochet. 

In  the  next  few  sections,  we  shall  look  at  equations  linking  penetration  depth  to 
bullet  characteristics  and  ballistic  parameters  (mass,  form  factor  and  velocity)  and 
to  the  properties  of  the  target.  In  all  cases,  we  shall  attempt  to  establish  physical 
relationships  between  the  variables. 

Penetration  depth  s  can  be  seen  as  the  “braking  distance”  of  the  bullet.  We  are 
therefore  looking  at  the  movement  of  an  object  as  it  undergoes  deceleration, 
which  can  be  described  using  the  equations  of  motion  (see  2. 1.3. 6).  The  deter¬ 
mining  factor  is  the  characteristic  deceleration  resulting  from  the  force  acting  on 
the  bullet.  This  is  generally  given  by  the  following  equations: 


(4.2:1a) 

a  —  C0  J 

[m/s2' 

(4.2:1b) 

a  =  -c,  •  v  , 

[m/s2; 

(4.2:1c) 

a  =  — c2  •  v2  . 

[m/s2; 

In  Eqn  4.2:1a,  deceleration  is  independent  of  velocity.  This  equation  is  mainly 
used  for  materials  held  together  by  cohesive  forces,  such  as  bone,  concrete  and 
thin  steel. 

In  Eqn  4.2:  lb,  deceleration  is  proportional  to  velocity.  This  equation  is  valid 
for  viscous  fluids  (the  Navier-Stokes  equations)  and  is  only  relevant  at  very  low 
velocities. 

Eqn  4.2:1c  is  a  square  law.  This  equation  applies  when  deceleration  is  deter¬ 
mined  primarily  by  the  density  of  the  medium,  but  not  by  its  cohesive  force.  This 
category  of  medium  includes  air,  water  and  predominantly  aqueous  media,  such 
as  gelatine,  the  liver,  muscle,  etc.  In  media  such  as  muscle,  the  decelerating  affect 
of  mass  inertia  is  far  more  important  than  that  of  the  strength  of  the  fibres. 
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If  we  substitute  deceleration  from  Eqns4.2:la-c  into  the  general  equation  of 
motion  for  distance  and  integrate,  we  obtain  the  following  equations  for  penetra¬ 
tion  depth  as  a  function  of  velocity: 


(4.2:2a) 

i.v2  = 

2  v 

-C0  -S 

+ 

c 

=> 

s  OC 

2  2 
V  -  Vad 

(4.2:2b) 

V  = 

-Cj  •  s 

+ 

C 

=> 

s  OC 

v  -  Vad  , 

(4.2:2c) 

In  v  = 

—  c2  •  s 

+ 

C 

=> 

s  OC 

In—  . 

The  integration  constant  C  is  chosen  such  that  when  s  =  0,  v  =  vad,  the  entry  ve¬ 
locity  (the  velocity  of  the  bullet  just  after  it  penetrates  the  outer  layer,  e.g.  the 
skin). 

The  properties  of  the  bullet,  the  ballistic  parameters  and  the  characteristics  of 
the  target  medium  are  reflected  in  Co,  Cj  and  C2. 

4.2.1. 2  Penetration  depth  in  gelatine,  soap  and  muscle 

If  the  composition  corresponds  to  certain  criteria,  these  three  media  can  be 
grouped  together,  as  the  equations  for  penetration  depth  as  a  function  of  velocity 
all  have  the  same  form  -  only  the  constants  differ. 

Minimum  energy  density  and  velocity.  One  notable  characteristic  of  skin,  gela¬ 
tine,  soap  and  bone  is  that  a  bullet  cannot  penetrate  these  materials  if  it  is  moving 
at  less  than  a  certain  velocity,  vgr.  This  velocity  depends  on  the  sectional  density 
of  the  bullet.  A  bullet  moving  at  less  than  vgr  rebounds  from  the  surface  of  the  tar¬ 
get.  In  the  case  of  skin  it  will  leave  a  bruise,  unless  it  is  moving  very  slowly. 

For  most  purposes,  vgr  is  sufficiently  accurate.  In  his  work  on  the  minimum 
velocity  for  projectiles  from  airguns,  MlSSLlWETZ  (1987)  distinguishes  between  a 
number  of  different  thresholds. 

He  defines  a  projectile  as  having  ‘bounced  off  if  it  has  struck  the  surface  and  rebounded, 
regardless  of  whether  it  has  left  a  visible  wound.  The  author  defines  a  projectile  as  “protruding”  if 
the  front  is  embedded  in  the  epidermis,  with  the  projectile  still  visible.  The  corresponding  velocity 
is  vst.  A  penetrating  projectile  is  one  that  has  passed  through  the  epidermis  and  the  dennis  and  has 
come  to  rest  in  the  subcutis  or  deeper  in  the  muscle.  The  corresponding  velocity  is  v,.  Such 
differences  are  of  course  only  of  relevance  in  the  case  of  projectiles  moving  at  very  low  velocities. 

The  impact  energy  is  not  the  deciding  factor  as  regards  penetration.  For  instance, 
a  3.2  mm  steel  sphere  (m  =  0. 13  g)  requires  a  velocity  of  approximately  50  m/s  in 
order  to  just  penetrate  the  skin  (E  =  0.16  J).  A  4.4  mm  lead  sphere  (m  =  0.5  g) 
travelling  at  approximately  48  m/s  (E  =  0.6  J,  i.e.  almost  four  times  as  high)  does 
not  penetrate,  however.  JOURNEE  (1907)  experimented  with  11.3  mm  lead  spheres 
(m  =  8.5  g),  because  shells  fdled  with  shrapnel,  i.e.  spheres  of  this  calibre,  were  in 
common  use  against  soldiers  in  the  open  at  the  time.  These  spheres  caused  bruis- 
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ing  at  velocities  of  46  m/s  (E  «  10  J).  At  70  m/s,  these  spheres  penetrated  muscle 
(E  «  20  J). 

As  we  can  see  from  JoURNEE’s  measurements,  the  impact  energy  is  not  a 
suitable  indicator  of  the  ability  of  a  bullet  to  penetrate  the  skin.  What  counts  is  the 
energy  density,  E'.  E'  is  the  energy  per  unit  contact  area  A.  E'  =  E/A,  and  for 
stable  flight  A  =  14-Jt-k2. 

There  is  a  certain  energy  density  beyond  which  skin  cannot  prevent  a  bullet 
from  penetrating.  This  is  the  threshold  energy  density,  E'gr.  If  this  energy  density 
is  exceeded,  the  skin  will  tear  and  the  projectile  will  penetrate.  The  energy 
transferred  to  the  skin  as  the  bullet  passes  through  it  is  significantly  less  than  the 
threshold  energy  required  by  the  threshold  energy  density  and  the  impact  surface 
A  of  the  bullet  (see  2. 3. 7. 4).  We  can  therefore  write: 

(4.2:3)  Eds  =  Ea-Ead  <  Egr  =  Egr  •  A  .  [J] 

where  Ea  is  the  impact  energy,  EdS  the  energy  used  in  passing  through  the  skin  and 
Ead  the  residual  energy  of  the  bullet. 

In  the  discussion  below,  “threshold”  velocity  or  energy  is  the  velocity  or  en¬ 
ergy  at  which  the  bullet  is  just  unable  to  penetrate  the  skin. 

Naturally,  the  skin  is  not  equally  thick  or  equally  firmly  supported  at  all  points 
of  the  body.  We  can  therefore  expect  the  threshold  energy  density  to  vary.  In  a 
comprehensive  study  on  a  “non-lethal”  12-bore  projectile,  Bir  et  al.  (2005b)  de¬ 
termined  the  threshold  energy  density  for  various  parts  of  the  body.  As  one  would 
expect,  there  was  some  overlap  between  the  energy  density  thresholds  for  pene¬ 
tration  and  non-penetration,  together  with  considerable  scatter.  In  such  cases,  it  is 
wise  to  use  the  mean  energy  density,  i.e.  the  value  at  which  one  can  expect  pene¬ 
tration  to  occur  in  50%  of  cases.  Table  4-10  lists  the  results  of  the  experiments 
carried  out  by  Bir  et  al. 

The  study  also  confirmed  that  at  the  threshold  energy  density  (from  Sellier’s 
work)  of  0.1  J/mm2  one  could  indeed  assume,  with  a  sufficiently  high  degree  of 


Table  4-10.  50%  energy  density  thresholds  for  various  parts  of  the  body, 

in  J/mm2  (after  Bir,  Stewart  et  al.  2005) 


Area  of  body 

E'Br  (50%) 

Scatter 

Sternum 

0.329 

0.018 

Rib,  front 

0.240 

0.017 

between  ribs,  front 

0.333 

0.036 

Liver 

0.399 

0.029 

Abdomen  (at  level  of  navel) 

0.343 

0.028 

Shoulder  blade 

0.506 

0.053 

Rib, rear 

0.527 

0.110 

Buttock 

0.381 

0.077 

Femur,  proximal 

0.261 

0.097 

Femur,  distal 

0.281 

0.084 
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certainty,  that  a  projectile  would  not  penetrate  the  skin  on  any  part  of  the  body  ex¬ 
cept  the  eyes. 

It  is  not  possible  to  measure  energy  directly.  In  practice,  therefore,  it  is  usual  to 
state  the  velocity  of  the  bullet,  and  the  criterion  that  a  particular  bullet  must  satisfy 
in  order  to  penetrate  skin  is  often  given  as  a  threshold  velocity.  We  can  calculate 
this  velocity  from  the  threshold  energy  density  E'gr,  using  the  following  formula: 

I  2000  •  E' 

(4.2:4)  vgr  =  - gr  ,  [m/s] 


with  threshold  energy  density  E'gr  in  J/mm2  and  the  sectional  density  of  the  bullet  q  in  g/mm2. 

Substituting  the  general  threshold  value  for  E'grof  0.1  J/mm2  mentioned  above, 
we  obtain: 


(4.2:5) 


14.1 

7T 


[m/s] 


This  means  that  vqr  is  not  constant;  it  depends  on  the  sectional  density  q  of  the 
bullet.  As  q  increases,  vgr  decreases. 

Sperrazza  and  Kokinakis  (1968)  use  the  following  equation  for  vgr  as  a 
function  of  q  (in  g/mm2): 


(4.2:6) 


1.25 

q 


+  22  . 


[m/s] 


This  equation,  of  which  the  constants  were  determined  empirically,  can  be  seen  as 
a  linear  approximation  of  the  function  in  4.2:4  as  regards  1/q.  The  results  do  not 
significantly  contradict  the  threshold  of  0. 1  J/mm'  mentioned  above,  especially  at 
the  sectional  densities  normally  encountered  in  the  case  of  handgun  bullets. 

Other  than  the  work  of  Bir  et  al.  mentioned  above,  the  literature  yields  little 
experimental  work  in  this  area.  JOURNEE  was  the  first  to  investigate  threshold  ve¬ 
locities,  as  mentioned  above.  Mattoo  (1974)  obtained  fairly  similar  results,  80 
years  later.  Dl  Maio  et  al.  (1982)  and  Sellier  (1976)  carried  out  further  work. 
MlSSLlWETZ  (1987)  studied  projectiles  fired  from  airguns. 


While  airgun  pellets  are  of  less  importance  in  the  field  of  wound  ballistics,  it  is  still  worth  noting 
the  results  of  the  measurements  made  by  MlSSLlWETZ,  as  they  show  that  vgr  and  vaj  (or  vs,  and  vt  in 
this  author's  work)  vary  substantially  between  individuals  and  between  different  parts  of  the  same 
individual’s  body.  These  results  also  illustrate  the  effect  of  tip  shape. 

As  we  have  already  seen  in  the  results  from  Bir  et  al.,  (see  Table  4-10),  vgr  is 
greatly  influenced  by  the  thickness  of  the  skin  and  the  supporting  layer  beneath  it. 
This  is  also  clear  from  the  results  obtained  by  the  various  authors.  These  are 
shown  in  Tables  4-1 1  and  4-12  a  and  b. 

TAUSCH  et  al.  (1978)  conducted  experiments  using  4  mm,  9  mm  and  1 1.4  mm 
(45  calibre)  bullets  with  different  tip  shapes.  Table  4-13  summarizes  the  results. 
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Table  4-1 1 .  Threshold  energy  density  and  velocity  (measured  values) 

Type  of  projectile 

Mass 

Surface 

q 

V 

F' 

E-  gr 

Author 

area 

[g] 

[mm2] 

[g/mm2] 

[m/s] 

[J/mm2] 

1 1 .25  mm  lead 

8.4 

99.4 

0.0855 

70 

0.210 

JOURNEE(1907) 

sphere 

8.5  mm  lead  sphere 

4.5 

56.7 

0.0793 

71 

0.200 

Mattoo  ET  AL.  ( 1 969) 

177  Diabolo 

0.53 

15.9 

0.0333 

101 

0.170 

Di  Maioetal.  (1982) 

22  Diabolo 

1.07 

24.5 

0.0434 

75 

0.122 

Di  Maioetal.  (1982) 

38  round  nose 

7.3 

73.2 

0.1147 

58 

0.193 

Di  Maioetal.  (1982) 

(Theoretical) a 

0.02-0.16 

0.10 

Sellier(1976) 

a  On  the  basis  of  measurements  conducted  by  SPERRAZZA  and  KOKINAKIS  ( 1 968). 

Table  4-12  a.  Results  of  firing  various  projectiles  from  an  airgun  into  the  thigh  of  an  adult 
(after  MlSSLIWETZ  1987) 

Type  of  projectile 

Calibre 

Vst(min) 

vst  “  vs, (max)  v,(min) 

v, a 

v,(max) 

[mm] 

[m/s] 

[m/s]  [m/s] 

[m/s] 

[m/s] 

[m/s] 

Pointed  bullet  (K.S) 

4.5 

50 

99.0  118 

72 

109.0 

135 

Lead  sphere 

4.5 

56 

99.8  130 

72 

110.4 

135 

Diabolo  (FK) 

4.5 

73 

130.3  167 

79 

135.6 

167 

Hollow-point  bullet 

4.5 

74 

123.5  149 

75 

133.2 

172 

Brass  sphere 

4.0 

66 

109.9  132 

83 

120.6 

145 

Steel  sphere 

4.0 

67 

114.1  151 

91 

126.1 

157 

Glass  sphere 

4.0 

119 

180.1  238 

145 

197.8 

229 

a  Mean  values 

Table  4-12  b.  Threshold  velocity  and  energy  density,  calculated  from  the  results  shown  in 
Table  4-12  a 

Type  of  projectile 

Calibre 

Mass 

Surface 

q 

V  ab 

Vgr 

cm  a 

Cj  gr 

area 

[mm] 

[g] 

[mm2] 

[g/mm2] 

[m/s] 

[J/mm2] 

Pointed  bullet  (KS) 

4.5 

0.56 

15.9 

0.035 

99.0 

0.173 

Lead  sphere 

4.5 

0.54 

15.9 

0.034 

99.8 

0.169 

Diabolo  (FK) 

4.5 

0.49 

15.9 

0.031 

130.3 

0.262 

Hollow-point  bullet 

4.5 

0.44 

15.9 

0.028 

123.5 

0.211 

Brass  sphere 

4.0 

0.31 

12.6 

0.025 

109.9 

0.149 

Steel  sphere 

4.0 

0.26 

12.6 

0.021 

114.1 

0.135 

Glass  sphere 

4.0 

0.08 

12.6 

0.0064 

180.1 

0.103 

a  The  values  for  children  were  significantly  lower  (E'gr:  0.085  to  0.12  J/mm2,  see  original 
work  for  details). 

b  In  accordance  with  the  definition  of  threshold  velocity,  the  values  of  vst  from  Table  4-12  a 
were  used  to  determine  the  threshold  energy  density. 
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Table  4-13.  Determining  vgr:  Results  of  measurements  conducted  by  TAUSCH  et  al. 
(1978) 


Type  of  projectile 

k 

Mass 

q 

V 

P  3 

Cj  gr 

[mm] 

[g] 

[g/mm2] 

[m/s] 

[J/mm2] 

Lead  sphere 

9.0 

5.3 

0.083 

68.7 

0.20 

Round-nose 

9.0 

6.2 

0.097 

66.2 

0.21 

Round-nose 

9.0 

10.6 

0.166 

41.8 

0.15 

Flattened  cone 

9.0 

7.9 

0.123 

54.5 

0.18 

Pointed  cone 

9.0 

7.9 

0.123 

57.9 

0.21 

45  lead  sphere 

11.4 

9.0 

0.087 

56.7 

0.14 

45  lead  round-nose 

11.4 

11.7 

0.143 

37.0 

0.10 

Lead  sphere 

4.0 

0.47 

0.032 

68.7 

0.23 

E'  b 

E,  gr 

6.35  Browning 

6.35 

3.3 

0.104 

81.3 

0.109 

7.65  Browning 

7.65 

4.8 

0.104 

70.5 

0.119 

9  mm  Browning,  short 

9.0 

6.0 

0.094 

63.9 

0.123 

9  mm  Luger 

9.0 

8.0 

0.125 

55.3 

0.122 

9  mm  lead  round-nose 

9.0 

10.6 

0.166 

47.0 

0.117 

a  Values  calculated  by  us  (based  on  Eqn  4.2:4). 
b  Values  calculated  by  the  authors,  using  their  equations. 


TAUSCH  et  al.  propose  the  following  equations  (adapted  to  match  the  values 
measured)  to  describe  the  mathematical  relationship  between  sectional  density  q 
(or  mass  m)  and  threshold  velocity  vgr: 


(4.2:7a) 

vgr  =  277.7  •  e’482'^  , 

[m/s] 

(4.2:7b) 

vgr  =  162.1 -e"038 . 

[m/s] 

These  equations  may  well  describe  the  values  obtained  by  these  authors  better 
than,  for  instance,  Eqn  4.2:5,  but  they  do  not  reveal  any  physical/ballistie  relation¬ 
ship.  It  would  be  quite  impossible  to  extrapolate  to  other  conditions,  and  nothing 
is  added  to  the  sum  of  knowledge  regarding  internal  relationships  and  laws,  which 
is  what  one  should  be  aiming  to  achieve. 

Closer  analysis  of  the  penetration  process  reveals  the  following:  At  va  <  vgr,  the 
projectile  does  not  penetrate.  Its  energy  is  transferred  to  the  surface  of  the  target 
and  the  target  itself,  in  various  forms  (elastic,  kinetic,  heat,  deformation,  etc.).  If 
va  is  somewhat  greater  than  vgl,  the  projectile  destroys  the  surface  of  the  target  and 
starts  the  process  of  penetrating  the  target,  at  a  residual  velocity  vaci-  In  accordance 
with  Eqn  4.2:3,  vad  is  generally  greater  than  the  difference  between  va  and  vgr. 
This  is  because  the  opening  created  in  the  surface  prevents  the  energy  of  the  bullet 
being  distributed  over  a  larger  area.  As  a  result,  the  bullet  cannot  transfer  the  same 
amount  of  energy  to  the  surface  of  the  target  as  it  would  if  it  did  not  penetrate. 
The  energy  remaining  allows  the  bullet  to  penetrate  to  a  depth  sad- 
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We  can  observe  this  behaviour  for  all  thin  layers  of  material  with  a  certain  degree  of  elasticity 
(such  as  skin,  metals,  gelatine  and  cloth).  Shots  fired  into  textiles,  for  instance,  yielded  a  Vg,  of 
about  80  m/s.  Bullets  with  an  impact  velocity  of  90  m/s  passed  through  the  cloth,  and  the  residual 
velocity  vad  measured  behind  the  cloth  was  60  m/s  (KNEUBUEHL  1992). 

It  is  therefore  impossible,  for  certain  materials,  to  find  a  bullet  that  penetrates  and  comes  to  rest 
at  a  depth  between  0  and  sad. 

If  the  impact  velocity  va  is  greater  than  vgr,  but  less  than  the  velocity  required  to 
pass  through  the  target  medium,  the  bullet  will  come  to  rest  in  the  target.  If  the 
bullet  does  pass  through,  its  velocity  will  drop  progressively  and  predictably.  A 
wound  channel  will  be  created,  and  damage  will  occur.  In  the  last  part  of  the 
channel,  the  bullet  is  moving  so  slowly  that  almost  its  entire  surface  is  in  contact 
with  the  medium.  At  such  velocities,  frictional  force  is  greater  than  inertial  force, 
and  the  Navier-Stokes  equations  apply  (Eqns  4.2:1b  and  4.2:2b).  The  distance 
over  which  these  equations  are  valid  is  generally  so  short  that  it  is  of  virtually  no 
significance  when  compared  with  the  channel  as  a  whole,  unless  the  impact  ve¬ 
locity  is  low  (e.g.  in  the  case  of  a  projectile  from  an  airgun). 

In  many  cases,  the  bullet  does  not  come  to  rest  at  the  end  of  the  channel.  This  was  described  by 
NENNST1EL  (1990)  and  was  confirmed  by  KNEUBUEHL  and  TROESCH  (1992,  unpublished)  using 
high-speed  video.  In  such  cases,  the  forces  created  by  the  vacuum  in  the  temporary  cavity  are 
greater  than  the  frictional  forces  acting  on  the  surface  of  the  bullet. 

This  behaviour  is  confirmed  by  forensic  experience.  The  penetrating  power  of 
lead  round-nose  22  and  38  Spl  bullets  is  such  that  they  can  just  pass  through  the 
trunk,  as  long  as  the  wound  channel  only  passes  through  soft  body  parts.  A  bullet 
that  hits  the  skin  at  a  velocity  less  than  vgr  will  not  penetrate  it,  because  of  the 
elasticity  of  the  skin.  The  bullets  are  held  back  by  the  skin  on  the  opposite  side. 
In  many  cases,  one  finds  the  bullet  just  under  the  skin,  where  it  is  easily  detected 
by  palpation. 

Equations  of  penetration  depth  in  gelatine,  soap  and  muscle.  In  order  to  de¬ 
scribe  the  entire  penetration  process  mathematically,  it  is  necessary  to  introduce 
two  further  characteristic  velocities,  together  with  the  corresponding  energies. 

-  The  decrease  in  the  velocity  of  the  bullet  as  it  passes  through  the  surface  of 
the  medium,  VdS  =  va  -  vad- 

-  The  velocity  of  the  bullet  immediately  before  it  comes  to  rest  in  the  me¬ 
dium,  vstk. 

The  following  two  equations  apply: 

(4.2:8)  vds<vgr  und  vstk  <  vgr  .  [m/s] 

For  the  deceleration  of  a  bullet  that  penetrates  a  dense  medium  at  typical  velocity, 
we  use  Eqn  4.2:1c  (from  4.2. 1.1),  as  the  cohesive  forces  are  negligible  by  com¬ 
parison  with  inertia  force.  According  to  Eqn  3.2:4,  we  must  set  the  value  of  the 
coefficient  C2  equal  to  the  retardation  coefficient  '.R.  By  integrating  the  corre- 
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sponding  equation  of  moment,  we  obtain  an  equation  analogous  to  Eqn  4.2:2c  for 
penetration  depth  as  a  function  of  instantaneous  velocity: 


(4.2:9) 


s  = - ln(v)  +  C  . 

SR 


But  we  still  have  to  determine  the  value  of  C.  If  the  bullet  has  penetrated  the  sur¬ 
face  but  has  not  yet  moved  further  into  the  medium  (i.e.  if  s  =  0)  then  its  velocity 
is  still: 


V„a  =  V  -  VH 


C  is  hence  given  by: 


and  therefore: 


(4.2:10) 


C  =  SR  ln(va  ~  vds)  • 


s  =  —  •  In  [  V“  ~  Vds 

SR  V  v 

s  =  0 


falls  v  >  v„ 


falls  v  <  v„ 


A  sphere  that  strikes  the  target  at  a  velocity  va  >  vgr  therefore  covers  a  distance: 
(4.2:11)  s  =  -  In  ^ ^  ,  [m] 

^  V  ^Stk  y 

before  coming  to  rest  in  the  target.  For  some  calculations,  it  is  useful  to  express 
velocity  as  a  function  of  penetration  depth.  Solving  Eqn  4.2:11  for  va  we  obtain: 


(4.2:12) 


v„  =  v„v  •  e  +  va 


If  va  <  vgr,  then  sa  =  0  (Eqn  4.2:10)  and  from  Eqn  4.2:12: 
(4.2:13)  vgr  >  vstk  +  vds  , 


This  equation  for  the  characteristic  velocities  would  also  appear  to  be  plausible 
from  a  physics  point  of  view.  If  we  substitute  pairs  of  measured  values  for  sa  and 
va  in  Eqn  4.2: 12,  we  can  calculate  VdS  and  vstk  by  regression. 

KNEUBUEHL  measured  the  impact  velocity  and  penetration  depth  for  4.5  mm  lead  spheres  in  gela¬ 
tine  (Cd  =  2,  NENNSTIEL  1990).  Analysing  the  results  of  measurements  using  the  method  described 
produced  values  of  28.7  m/s  for  vds  and  14.0  m/s  for  vstk,  with  a  high  degree  of  correlation 
(r  =  0.941).  Spheres  with  impact  velocities  of  less  than  44  m/s  did  not  penetrate  the  gelatine. 

If  the  sphere  exits  the  block,  we  can  calculate  its  residual  velocity  with  the  fol¬ 
lowing  equation  (derived  from  Eqn  4.2:12): 

(4.2:14)  vrst  =  (va-  vj-e-*'*  .  [m/s] 
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Table  4-14.  Values  for  CD  from  the  literature 


Material 

CD 

Author(s) 

publicated 

Water 

0.30 

Harvey  et  al. 

1962 

Water 

0.29 

Hoerner 

1965 

Gelatine  10° 

0.375 

Dubin 

1974 

Gelatine  24° 

0.34 

Harvey  et  al. 

1962 

Gelatine  M  <  1 

<0.4 

Charters  and  Charters 

1976 

Gelatine  M  >  1 

1.0 

Charters  and  Charters 

1976 

Soap 

0.33 

Scepanovic 

1979 

Muscle  (cat) 

0.44 

Harvey  et  al. 

1962 

Muscle  (pig) 

0.36  a 

Janzon  et  al. 

1979 

a  Tolerance:  +0.003  /  -0.008 


The  corresponding  energy  values  can  readily  be  calculated  from  the  velocities,  as 
long  as  the  bullet  loses  no  mass  as  it  passes  through  the  block. 

The  derived  equations  are  only  valid  if  the  retardation  coefficient  remains  con¬ 
stant.  This  implies  that  the  sectional  density  remains  constant  (i.e.  the  cross-sec¬ 
tion  of  the  face  does  not  change)  and  that  the  drag  coefficient  Cd  does  not  change. 
The  drag  coefficient  for  soap,  gelatine  and  animal  tissue  has  been  measured  many 
times.  Table  4-14  gives  a  number  of  values  from  the  literature. 

All  authors  (with  the  exception  of  CHARTERS  and  CHARTERS  1976)  assume  a 
constant  value  for  Cd  across  the  range  of  velocities  at  which  measurements  are 
made.  JANZON  (in  Rybeck  and  JANZON  1976)  notes  that  the  value  of  Cd  for  mus¬ 
cle  differs  little  at  1500  m/s  from  the  value  of  this  coefficient  at  1000  m/s  (0.36). 
The  author  felt  that  this  was  surprising,  as  one  knows  from  experience  that  the 
speed  of  sound  c  (approx.  1500  m/s  in  gelatine)  leads  to  a  sharp  increase  in  Cd. 

Janzon’s  explanation  is  that  a  sphere  striking  the  target  at  a  velocity  greater  than  the  speed  of 
sound  in  the  medium  concerned  decelerates  to  below  the  speed  of  sound  over  a  distance  equal  to 
just  a  few  times  its  own  diameter.  The  value  of  Cd  is  calculated  by  taking  the  mean  over  a  rela¬ 
tively  long  distance  (which  depends  on  the  sampling  rate  used  for  the  measurements  of  position  or 
velocity),  and  high  values  of  Cd  over  a  short  distance  have  little  influence  on  the  mean. 

Nennstiel  (1990)  measured  the  value  of  Cd  for  7  mm  steel  and  tungsten  spheres 
at  velocities  of  150  to  1500  m/s.  At  velocities  below  150  m/s,  the  author  noted 
that  as  velocity  decreased,  the  value  of  Cd  rose  sharply.  The  increase  as  the  ve¬ 
locity  approached  c  was  not  observed,  for  the  reason  mentioned  above. 

The  high  values  of  Cd  at  low  velocities  can  be  explained  by  the  fact  that  the 
entire  surface  of  the  bullet  comes  into  contact  with  the  medium  at  these  velocities, 
with  the  high  drag  coefficients  that  are  to  be  expected  in  a  highly  viscous  medium. 

Peters  (1990b)  introduced  an  extension  to  the  conventional  approach 
(Eqn  4.2:1c)  to  calculating  the  motion  of  a  bullet.  His  deceleration  model  includes 
a  second  component,  related  to  velocity  in  a  linear  fashion  (see  Eqn  3.2:6  in 
3 .2.2.5). 
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Another  factor  must  be  borne  in  mind:  while  the  muscles  of  humans  and  ani¬ 
mals  display  similar  levels  of  resistance,  the  skin  of  animals  such  as  pigs  and 
horses  is  considerably  more  resistant  than  that  of  humans.  A  bullet  penetrating  the 
skin  of  an  animal  uses  up  more  energy  than  one  which  penetrates  human  skin.  As 
a  result,  a  bullet  undergoes  a  greater  loss  of  velocity  (VdS)  on  passing  through  the 
skin  of  an  animal.  According  to  Eqn  4.2:8,  the  threshold  velocity  will  therefore 
increase.  The  above  points  apply  mainly  to  handgun  bullets  moving  at  velocities 
close  to  vgr.  This  difference  can  safely  be  ignored  in  the  case  of  rifle  bullets,  as  is 
obvious  when  one  considers  the  energy  levels  involved. 

4. 2.1. 3  Penetration  capacity  in  bone 

Threshold  velocity  and  energy.  For  bone,  as  for  skin,  there  is  a  threshold  veloc¬ 
ity  Vgr  below  which  a  bullet  will  not  penetrate  it.  For  bone,  vgr  is  approximately  60 
m/s.  This  is  value  given  by  JOURNEE  and,  more  recently,  by  FlUELKE  et  al. 
(1968a,b)  and  FIarger  and  FlUELKE  (1970).  The  literature  establishes  no  relation¬ 
ship  between  vgr  and  the  sectional  density  of  the  bullet  q. 

It  is  possible  to  calculate  the  threshold  energy  Egr  and  threshold  energy  density 
E'gr  =  Egl/A  at  which  the  bullet  will  just  fail  to  penetrate  bone.  The  values  for  cer¬ 
tain  types  of  ammunition  are  as  follows: 


6.35  Browning 

Egr  =  6.0  J 

E'gr  =  0.19J/mm2 

7.65  Browning 

8.7  J 

0.19J/mm2 

9  mm  Luger 

14.0  J 

0.22  J/mm2 

On  penetrating  a  bone,  a  bullet  of  larger  calibre  loses  more  energy. 

Penetration  depth  and  penetration  capacity,  theory  and  practice.  Two  rela¬ 
tionships  are  of  particular  interest  as  regards  the  effect  of  a  bullet  on  a  bone: 

1  Penetration  depth  as  a  function  of  velocity. 

2  The  energy  lost  by  the  bullet  as  it  passes  through  a  given  bone  thickness  d. 

Regarding  1:  GRUNDFEST  (1945)  conducted  numerous  tests  that  involved  firing 
steel  spheres  with  diameters  of  3.18,  4.74  and  6.35  mm  (Vs,  3/ 16  and  V4")  into  the 
bones  of  cows.  In  metric  units,  the  equation  relating  penetration  depth  s  to  veloc¬ 
ity  derived  from  his  experiments  is: 

(4.2:15)  s  =  0.863  •  10-4  •  k2  •  (va  -  v^)2  ,  [mm] 

where  k  is  the  diameter  of  the  sphere  in  mm,  va  is  the  impact  velocity  in  m/s  and  vgr =s  60  m/s. 

As  it  stands,  this  equation  is  valid  only  for  steel  spheres  and  cannot  be  applied  to 
practical  situations,  as  bullets  generally  consist  of  lead  (apart  from  the  jacket). 
They  also  have  a  greater  volume  and  mass  than  spheres  of  the  same  calibre,  espe¬ 
cially  if  those  spheres  are  made  of  steel,  not  lead. 


196  4  Wound  ballistics  of  bullets  and  fragments 


For  instance,  a  steel  sphere  9  mm  in  diameter  weighs  approximately  3  g,  whereas  a  9  mm  Luger 
bullet  weighs  8  g.  This  means  that  if  one  were  to  substitute  k  =  9  mm  into  the  equation,  the  value 
of  s  obtained  would  be  valid  only  for  a  steel  sphere  of  that  radius,  not  for  a  Luger  bullet.  One  has 
to  multiply  the  value  of  s  obtained  by  the  quotient  of  the  mass  of  the  Luger  bullet  and  that  of  the 
steel  sphere  of  the  same  calibre,  i.e.  8/3,  to  obtain  the  correct  value  for  a  Luger  bullet. 

The  equation  therefore  requires  modification  to  render  it  suitable  for  general  use. 
k2  is  simply  the  expression  m/k  multiplied  by  a  constant  factor.  Substituting  the 
variables  m  and  k  and  using  the  density  of  steel,  we  can  derive  the  following  rela¬ 
tionship  from  Eqn  4.2:15: 

(4.2:16)  s  =  0.21  •  10-2  •  —  •  (va  -  60)2  .  [mm] 

k 

As  the  structure  of  human  bones  differs  from  that  of  cow  bones  (e.g.  as  regards 
the  distribution  of  cortical  bone  and  diploe)  it  is  clear  that  this  equation  requires 
further  correction  before  it  can  be  applied  to  human  bones.  Indeed,  tests  (SELLIER 
and  Knupling  1969)  have  shown  that  the  a  value  of  0.21  for  the  constant  is  too 
low  for  human  bone  (i.e.  cow  bones  are  harder).  The  correct  value  for  a  bullet 
with  an  approximately  spherical  head  is  around  0.4. 

The  penetration  depth  of  lead  round-nose  bullets  is  less  than  that  calculated 
using  Eqn  4.2:16,  as  their  calibre  increases  on  impact  and  as  they  pass  through  the 
bone.  The  calculated  penetration  depth  is  also  smaller  in  the  case  of  wadcutter 
bullets,  because  of  their  flat  tips.  Overall,  the  calculated  penetration  depth  should 
only  be  seen  as  an  estimate,  as  the  precise  value  will  depend  on  the  composition 
of  the  bone  and,  in  particular,  on  the  ratio  of  solid  to  soft  matter  (see  below  for 
further  factors). 

Regarding  2:  Huelke  et  al.  (EIuelke  and  Darling  1964,  Huelke  et  al.  1967, 
EIuelke  et  al.  1968a,b,  EIarger  and  Huelke  1970)  have  conducted  comprehen¬ 
sive  empirical  studies  on  the  energy  lost  by  a  bullet  AE  as  it  passes  through  human 
bone,  as  a  function  of  impact  velocity  va  or  impact  energy  Ea.  They  used  steel 
spheres  with  diameters  of  6.35  mm  (0.25";  m=1.04g)  and  10.3  mm  (0.406"; 
m  =  4.48  g).  They  presented  the  results  of  their  experiments  in  empirical  form. 
Impact  velocity  and  energy  transferred  to  the  bone  could  in  all  cases  be  approxi¬ 
mated  using  quadratic  equations,  with  only  a  small  degree  of  error. 

For  6.35  mm  steel  spheres  fired  into  the  distal  end  of  the  femur,  for  instance, 
the  equation  was  as  follows  (using  values  from  Huelke  et  al.  1967): 

(4.2:17)  AE  =  0.65  +  0.0077  •  va  +  0.0000127  •  v2  ,  [ft-lbs] 

(velocity  in  ft/s). 

Although  Huelke  did  not  interpret  this  quadratic  relationship  between  impact 
velocity  and  energy  loss,  even  in  his  later  works,  one  immediately  thinks  of  a  lin¬ 
ear  relationship  between  impact  energy  and  energy  transfer,  and  such  a  relation¬ 
ship  does  indeed  appear  logical  from  a  physics  point  of  view. 


4.2  Wound  ballistics  of  handgun  bullets  197 


From  the  results  set  out  in  this  literature  (particularly  Huelke  et  al.  1968a), 
one  can  derive  the  following  equations  (in  metric  units): 

For  6.35  mm  steel  spheres: 


(4.2:18) 

AE  =  6.6  +  0.416  -Ea  , 

(r  =  0.993), 

[J] 

and  for  10.3 

mm  steel  spheres: 

(4.2:19) 

AE  =  14.9  +  0.262  •  Ea  , 

(r  =  0.988)  . 

[J] 

However,  these  equations  require  some  refinement.  If  one  looks  more  closely  at 
the  measurement  results  (Fig.  4-7),  it  becomes  apparent  that  they  are  better  de¬ 
scribed  by  two  straight  lines:  The  first  line  has  its  origin  at  the  intersection  of  the 
axes  and  has  a  gradient  of  1.  This  is  followed  at  higher  values  of  Ea  by  a  second 
line,  of  which  the  gradient  is  significantly  less  than  1. 

The  meaning  of  the  straight  line  with  a  gradient  of  1  originating  at  the  intersec¬ 
tion  of  the  axes  is  clear.  In  this  area,  AE  =  Ea,  i.e.  all  the  energy  is  used  up  in  the 
bone.  At  velocities  below  vgr  this  is  because  the  bullet  rebounds.  At  velocities 
above  vgr  because  the  bullet  comes  to  rest  in  the  bone.  The  line  joining  just  the 
measurement  points  for  the  higher  values  of  Ea  is  less  steep  than  the  line  that  joins 
all  of  them.  As  a  side  effect,  the  projection  of  the  line  onto  the  y  axis  increases,  as 
one  can  easily  see  on  the  graph. 

If  the  measurement  values  are  divided  up  as  per  this  diagram,  we  obtain  the 
following  equations  for  the  less  steep  part,  in  place  of  Eqns  4.2:18  and  4.2:19: 


(4.2:18a) 

AE  =  8.57  +  0.402 -Ea  , 

(r  = 

=  0.993), 

[J] 

(4.2:19a) 

AE  =  17.9  +  0.252  •  Ea  , 

(r  = 

=  0.990) . 

[J] 

The  constant  part  can  now  be  interpreted  as  follows:  The  bullet  has  to  separate  the 
piece  of  bone  directly  in  front  of  it  from  the  rest.  To  achieve  this,  work  must  be 
done.  The  amount  of  work  required  is  determined  by  the  shear  strength  of  the  bone 
(50  N/mnr,  according  to  von  Gierke  1968),  the  generated  surface  of  the  detached 
bone  fragment  and  the  distance  over  which  the  bullet  displaces  the  fragment. 


Fig.  4-7.  Energy  lost  by  a 
10.3  mm  steel  sphere  as  a  result  of 
passing  through  a  bone,  as  a 
function  of  impact  energy  (after 
Huelke  et  al.). 
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Once  the  fragment  has  been  punched  out  of  the  bone,  the  bullet  will  accelerate 
it  in  accordance  with  the  law  of  collisions.  The  velocity  imparted  to  the  fragment 
is  proportional  to  the  impact  velocity  of  the  bullet  (with  the  corresponding  mass 
ratio  as  proportionality  factor).  From  this  it  follows  that  the  energy  transferred 
from  the  bullet  to  the  bone  fragment  is  proportional  to  the  impact  energy  (or,  more 
precisely,  to  the  energy  the  bullet  still  has  after  it  has  separated  the  fragment  from 
the  bone).  This  explains  the  linearity  of  Eqns  4.2:18a  and  4.2:19a. 

In  these  equations,  energy  loss  AE  depends  only  upon  Ea,  in  other  words  on  the 
combination  of  m  and  v.  It  does  not  depend  on  m  and  v  as  such.  The  material  of 
which  the  sphere  is  made  (steel,  brass,  lead,  tungsten  alloy,  etc.),  should  therefore 
make  no  difference,  as  long  as  it  the  diameter  remains  constant,  as  the  only  factor 
determining  the  damage  done  by  the  sphere,  and  hence  the  energy  consumed,  is 
the  size  of  the  sphere,  or  its  cross-sectional  area. 

This  does  not  apply  to  the  damage  done  to  the  bone  by  the  temporary  cavity  or  the  hydrodynamic 
pressure  in  the  bone  marrow.  For  both  of  these  types  of  damage,  the  bullet’s  va  plays  an  important 
role. 

Indeed,  measurements  carried  out  by  Huelke  et  al.  showed  that  spheres  of  the 
same  calibre  but  different  masses  (e.g.  steel  or  tungsten  alloy)  lost  the  same 
amount  of  energy  AE  if  the  impact  energy  Ea  remained  constant. 

For  the  impact  energy  and  calibre  to  be  the  same  despite  the  mass  being  different,  the  heavier 
spheres  must  have  a  lower  impact  velocity  va.  The  sectional  density  q  must  also  be  greater. 

The  influence  of  calcium  content  and  treatment  of  the  bone  on  the  energy  lost 

by  the  bullet.  Clear,  statistically  valid  differences  in  energy  loss  are  observed 
when  the  bones  used  in  experiments  are  ranked  according  to  their  calcium  con¬ 
tent.  Huelke  et  al.  (1968b)  divided  them  into  three  categories:  normal,  mildly  os¬ 
teoporotic  and  osteoporotic.  They  observed  clear  differences  in  energy  lost  be¬ 
tween  the  three  categories,  as  was  to  be  expected  (see  Fig.  4-8  a,  b).The  differ¬ 
ences  are  significant,  with  the  projectiles  losing  up  to  40%  less  energy  in  osteo¬ 
porotic  bones  than  in  normal  bones. 

In  order  to  be  able  to  extrapolate  the  results  of  tests  on  cadavers  to  living  per¬ 
sons,  it  is  important  to  know  whether  the  storage  or  treatment  of  the  bone  has  an 
effect  on  its  reaction  to  a  projectile.  The  above  authors  conducted  further  experi¬ 
ments  to  investigate  this  point.  They  fired  into  both  fresh,  untreated  bones  and 
embalmed  bones,  and  observed  no  difference  in  energy  loss. 

The  temporary  cavity  and  bone  damage.  A  hollow  bone  can  be  seen  as  a  fluid- 
filled  hollow  organ  with  a  rigid  wall.  One  can  therefore  assume  that  phenomena 
occur  similar  to  those  observed  when  a  bullet  passes  through  the  head,  heart  or 
full  bladder,  as  long  as  the  bullet  is  moving  at  sufficient  velocity  and  certain  other 
conditions  are  met. 

Damage  to  bone  away  from  the  actual  track  of  the  bullet  is  caused  by  the  pres¬ 
sure  generated  in  the  marrow  by  the  temporary  cavity,  and  this  pressure  acts  in  all 


4.2  Wound  ballistics  of  handgun  bullets  199 


Energy  loss 

!bs]  Energy  loss 


Fig.  4-8.  a.  Effect  of  bone  condition  on  the  relationship  between  impact  velocity  and  energy  loss 
(after  HUELKE  et  al.  1968a). 

b.  Effect  of  various  bone  structures  on  the  relationship  between  impact  velocity  and  energy  loss 
(after  HUELKE  et  al.  1968b). 

directions.  As  a  result,  bone  splinters  will  be  found  in  the  wound  channel  not  only 
in  the  direction  in  which  the  bullet  was  moving  but  also  in  the  opposite  direction. 
One  can  expect  bone  damage  to  extend  beyond  the  actual  track  of  the  bullet.  The 
diameter  of  the  cross-sectional  area  within  which  bone  damage  occurs  will  corre¬ 
spond  approximately  to  that  within  which  soft  tissue  is  damaged  (see  Fig.  4-9  and 
also  Fig.  3-19  c). 

Experiments  by  FlUELKE  et  al.  (1968a,b)  have  shown  that  the  extent  of  the  cav¬ 
ity  created  in  bone  depends  not  only  on  va  but  also  on  the  calibre  of  the  bullet.  The 
findings  were  as  follows: 

With  10.3  mm  spheres,  temporary  cavities  were  observed  at  values  of  Ea  of  ap¬ 
proximately  73  J  and  above  (va  approx.  180  m/s).  In  the  case  of  6.35  mm  spheres, 
cavities  were  already  observed  at  energies  of  30  J  (240  m/s).  The  10.3  mm  sphere 
loses  36  J,  the  6.35  mm  sphere  21  J.  The  cavities  caused  by  the  10.3  mm  spheres 
were  so  large  at  energies  Ea  of  approx.  200  J  and  above  (va«  300  m/s)  that  the 
femoral  condyle  was  almost  separated  from  the  diaphysis.  In  the  case  of  the 


Fig.  4-9.  Effect  of  firing 
a  projectile  at  a  plastic 
bone  embedded  in  gelatine. 
The  extent  of  bone  damage 
corresponds  approximately 
to  the  diameter  of  the 
cavity  in  soap. 
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6.35  mm  spheres,  this  occurred  at  an  Ea  of  130  J  (va «  500  m/s).  The  energy 
required  was  similar  for  the  two  calibres  (60  J  to  70  J). 

At  velocities  below  those  cited  above,  a  piece  of  bone  the  size  of  the  calibre  is 
punched  out,  causing  a  “drill  hole  fracture.”  Closer  observation  reveals  that  even 
in  the  case  of  non-deforming  projectiles  such  as  steel  spheres  the  diameter  of  the 
hole  is  almost  always  slightly  less  than  that  of  the  projectile  (Berg  1955).  This  is 
because,  as  mentioned  in  Chapter  3,  the  projectile  displaces  the  surrounding  tissue 
radially,  and  this  includes  the  bone.  The  bone  is  temporararily  pushed  apart  to 
create  a  gap  of  which  the  diameter  corresponds  to  the  calibre  of  the  projectile  as  it 
passes  through,  with  the  two  parts  moving  back  towards  each  other  afterwards. 
This  means  that  a  non-deforming  projectile  that  has  created  a  hole  in  a  bone 
cannot  be  passed  through  that  hole  afterwards.  Naturally,  this  is  even  more  the 
case  for  projectiles  that  deform  as  they  pass  through  a  bone,  as  deformation 
continues  until  the  projectile  has  exited  the  bone. 

4.2.1. 4  Threshold  velocities  for  eyes 

The  eyes  account  for  only  2  %»  of  the  frontal  surface  of  the  body,  so  the  probabil¬ 
ity  of  their  being  hit  is  small.  In  view  of  their  vulnerability,  however,  eye  injuries 
are  highly  significant,  as  they  often  lead  to  blindness.  The  risk  is  particularly  high 
during  hunting,  if  shot  is  used.  Similar  injuries  can  occur  in  the  workplace,  e.g. 
when  working  with  metal.  It  is  therefore  not  surprising  that  numerous  studies  have 
addressed  the  problem  of  eye  injuries,  especially  the  question  of  the  threshold 
velocity  for  penetration,  vgr.  We  shall  now  present  values  for  vgr  from  various 
studies  in  tabular  form. 

Table  4-15  presents  values  of  vgr  for  spheres.  The  original  study  (STEWART 
1961)  gives  diameter  d,  mass  m  and  vgr.  We  have  calculated  the  values  of  cross- 
sectional  area  A,  sectional  density  q  and  E'gr.  Stewart’s  measurements  give  a 
mean  value  for  vgr  of  0.06  ±  0.015  J/mnr.  This  is  significantly  lower  than  the 
value  for  skin,  which  is  what  one  would  expect. 

Table  4-15.  Threshold  velocities  for  eyes  (rabbit).  With  one  exception,  a  steel  sphere  was  used 


d 

[mm] 

A 

[mm2] 

m 

[g] 

q 

[g/mnf] 

VBr 

[m/s] 

F' 

E,  gr 

[J/mnf] 

Author(s) 

1.00 

0.79 

0.004 

0.0052 

146 

0.056 

Stewart  (1961) 

2.36 

4.4 

0.054 

0.0123 

108 

0.072 

Stewart  (1961) 

3.20 

8.0 

0.135 

0.0168 

100 

0.084 

Stewart  (1961) 

4.37 

15.0 

0.341 

0.0227 

77 

0.068 

Williams  and  Stewart 
(1964) 

4.37 

15. 01 

0.513 

0.0342 

65 

0.072 

Williams  and  Stewart 
(1964) 

6.40 

32.2 

1.037 

0.0321 

47 

0.035 

Stewart  (1961) 

1  Lead  sphere 
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Table  4-16.  Threshold  velocities  for  eyes  (rabbit).  Steel  spheres  (STEWART  1961) 


a 

[mm] 

A 

[mm2] 

Am 

[mm2] 

M 

[g] 

q 

[g/mm2] 

Vgr 

[m/s] 

E' 

gr 

[J/mm2] 

2.60 

6.8 

10.2 

0.136 

0.0135 

63 

0.027 

3.27 

10.7 

16.1 

0.272 

0.0169 

38 

0.012 

5.11 

26.1 

39.2 

1.037 

0.0265 

36 

0.017 

8.11 

65.8 

98.7 

4.147 

0.0420 

29 

0.01 81 

12.3 

147.6 

221.4 

14.58 

0.0639 

22 

0.0151 

1  We  have  swapped  these  two  values,  as  there  was  clearly  a  mistake  in  the  original 
(inconsistency  between  the  two  values). 

Table  4-16  presents  values  of  vgr  for  steel  cubes.  The  author  states  the  mass  of 
the  cubes  and  the  measured  values  of  vgr.  We  started  by  calculating  the  length  of 
the  edges  of  the  cubes  from  the  mass.  Unlike  the  sphere,  the  face  surface  of  a  cube 
is  not  constant  -  it  depends  on  the  orientation  of  the  cube  at  the  moment  of  im¬ 
pact.  One  therefore  takes  the  mean  projected  area  Am.  For  a  convex  body  this 
equals  one  quarter  of  the  surface,  so  for  a  cube  Am  =  6/4-a2. 

It  is  easy  to  see  why  E'gr  for  a  cube  (0.018  ±  0.006  J/mm2)  is  lower  than  that  for 
a  sphere.  The  probability  of  the  cube  striking  the  target  with  an  edge  or  corner  is 
fairly  high.  This  results  in  a  high  local  force  (stress  concentration)  and  hence  a 
low  value  of  E'gr. 


4.2.2  Characteristics  of  handgun  bullets 
4. 2.2.1  General 

A  handgun  bullet  for  self-defence  purposes  has  to  fulfil  a  number  of  requirements. 
On  the  one  hand,  it  should  have  sufficient  effect  on  the  human  body  to  cause  the 
other  person  to  abandon  their  intended  course  of  action  (attack  or  flight)  without 
causing  unnecessary  and  life-threatening  injury.  The  residual  energy  of  the  bullet, 
should  it  exit  the  body,  must  be  sufficiently  low  as  not  to  endanger  any  bystand¬ 
ers.  On  the  other  hand,  the  bullet  is  required  to  pass  through  hard  materials  (such 
as  steel  and  glass)  and  still  have  enough  energy  to  achieve  an  adequate  effect  in 
the  body  of  the  other  person. 

According  to  Eqns  4.1:16  and  4.1:17,  effectiveness  in  a  person  (transfer  of  en¬ 
ergy)  is  inversely  proportional  to  the  sectional  density  q  of  the  bullet  (i.e.  a  high 
level  of  effectiveness  requires  a  low  value  of  q),  whereas  according  to  Eqn  2.3:9, 
the  ability  to  penetrate  hard  materials  is  directly  proportional  to  q  (i.e.  q  needs  to 
be  large).  This  is  the  third  ballistic  paradox  (Kneubuehl  2004,  p.  27  et  seq.). 
Penetrating  hard  targets  and  achieving  a  high  degree  of  effectiveness  in  a  human 
target  both  demand  high  impact  energy,  which  is  at  odds  with  the  principle  of 
proportionality.  From  the  above  it  is  clear  that  the  requirements  levelled  at  a 
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handgun  bullet  are  mutually  exclusive  in  physical  terms,  which  means  that  no  de¬ 
sign  can  meet  all  of  them. 

The  contradictions  between  the  various  physical  characteristics  also  account  for  the  huge  number 
of  handgun  bullet  types  and  calibres.  There  are  well  over  60  types  of  bullet  for  Luger  9  mm  am¬ 
munition,  for  example,  and  new  types  are  arriving  on  the  market  all  the  time. 


4. 2. 2. 2  Bullets  with  good  penetration  properties 

The  higher  the  sectional  density  of  a  bullet,  the  better  its  penetration  power,  as  we 
have  seen  above.  This  means  that  the  bullet  should  be  heavy,  while  its  cross- 
sectional  area  should  be  small.  This  implies  that  bullets  which  deform  easily, 
causing  their  cross-sectional  area  to  increase,  are  not  suitable  for  such  purposes. 

Typical  bullets  with  the  above  characteristics  include  the  classic  full  metal- 
jacketed  round-nose  bullets,  lead-cored  bullets  with  reinforced  jackets  (e.g.  the 
Swedish  Skarp  bullet,  see  Fig.  4-10),  bullets  with  a  hard  (steel  or  tungsten  alloy) 
core  or  solid  steel  bullets  (such  as  the  Alpha,  with  its  cage,  see  Fig.  4-11). 

Bullets  in  this  category  produce  long  channels,  and  the  diameters  of  the 
temporary  cavities  and  of  the  permanent  wound  channels  are  small.  If  no  vital 
areas  are  hit,  such  as  major  blood  vessels,  brain  or  spinal  cord,  the  probability  of 
survival  is  high  and  the  risk  of  permanent  damage  low. 

Tracer  ammunition  constitutes  a  special  sub-category  among  full  metal-jacketed  bullets.  The  tail  of 
a  tracer  bullet  contains  an  illuminating  charge.  This  burns  with  no  external  source  of  oxygen.  If  the 
bullet  does  not  exit  the  body,  burns  may  occur  inside  the  wound  channel. 


4.2.2.3  Bullets  designed  for  maximum  effectiveness 

General.  We  can  derive  the  following  simple  formula  for  the  effectiveness  of  a 
bullet  (its  wounding  potential)  from  the  equations  for  effectiveness  (Eqns  4.1:16 
and  4.1:17): 


Fig.  4-10.  9  mm  Luger  Skarp  reinforced  jacket  Fig.  4-11.  9  mm  Luger  Alpha  bullet.  Solid 

bullet  (right)  compared  with  a  normal  full  metal-  steel  bullet  with  plastic  cage, 
jacketed  bullet  (left). 
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Fig.  4-12.  French  solid  bullets,  9  mm 
Luger  and  38  Spl:  Left  to  right:  Arcane, 
4.6  g,  THV,  Version  1,  2.6  g.  THV, 
Version  2,  3  g.  Both  with  hollow  tails. 
(THV  =  Tres  Haute  Vitesse  =  very  high 
speed). 


[J/cm] 

Effectiveness  at  a  given  point  along  the  bullet  track  is  hence  directly  proportional 
to  the  energy  remaining  at  that  point  E(s)  and  inversely  proportional  to  the  sec¬ 
tional  density  at  that  same  point. 

With  the  exception  of  unusually  large  calibre  rounds  (such  as  the  44  Rem.  Mag., 
454  Casull  or  50  A.E.),  the  energy  delivered  by  a  handgun  cartridge  is  very  lim¬ 
ited.  From  Eqn  4.2:20,  it  therefore  follows  that  bullets  designed  for  maximum  ef¬ 
fectiveness  must  have  a  small  sectional  density.  Since  the  sectional  density  is 
equal  to  the  mass  of  the  bullet  per  unit  area  of  cross-sectional  area  perpendicular 
to  the  direction  of  movement,  an  effective  bullet  has  either  to  be  light  or  else  to 
have  a  large  cross-sectional  area.  These  are  therefore  the  two  parameters  of  inter¬ 
est  to  designers  of  high-effectiveness  handgun  bullets. 

Low-mass  bullets.  Because  most  handguns  are  fairly  high-calibre  weapons,  and 
because  the  barrel  needs  to  have  a  certain  length  in  order  to  guide  the  bullet,  the 
only  two  ways  of  producing  a  light  bullet  are  to  use  a  light  metal  or  to  incorporate 
a  hollow  space  in  the  tail.  If  the  mass  of  the  bullet  is  kept  low,  then  the  muzzle 
velocity  will  have  to  be  high,  in  order  to  ensure  that  the  empty  case  is  ejected  and 
the  working  parts  re-cocked.  It  often  happens,  however,  that  the  required  muzzle 
momentum  is  not  achieved,  which  can  lead  to  the  weapon  jamming.  Furthermore, 
a  very  fast-burning  propellant  will  be  needed,  and  the  peak  pressure  such  a  pro¬ 
pellant  generates  can  easily  exceed  the  maximum  permissible  pressure.  For  physi¬ 
cal  reasons,  therefore,  low-mass  bullets  have  never  been  widely  used. 

This  type  of  bullet  is  generally  made  of  aluminium  or  copper  alloys.  They  in¬ 
clude  the  French  Arcane  and  THV  bullets  produced  by  SFM  (in  two  versions). 
See  Fig.  4-12.  The  THV  bullet  achieves  a  velocity  of  approx.  600  m/s  when  fired 
from  a  pistol  with  a  10  cm  barrel.  Its  channel  in  soap  is  similar  to  that  caused  by  a 
steel  fragment  with  the  same  energy  (see  Fig.  4-13). 


Fig.  4-13.  Channel  in  soap,  THV, 
Version  2.  Sectional  density  remains 
approximately  constant,  so  energy 
transfer  decreases  exponentially. 
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The  limited  penetration  depth  by  comparison  with  a  full  metal-jacketed  bullet  is  a  positive  feature 
in  a  bullet  for  police  use.  If  the  bullet  exits  the  body  at  all,  it  will  have  very  little  energy  and  hence 
present  virtually  no  danger  to  a  person  standing  behind  the  target.  However,  such  bullets  have  le¬ 
thal  effects,  as  the  diameter  of  the  temporary  cavity  is  already  very  large  at  the  entry  wound  and 
just  beyond.  This  causes  serious  damage  and  heavy  bleeding  in  organs  that  are  vulnerable  to  tear¬ 
ing,  such  as  the  liver,  which  lies  just  under  the  abdominal  wall,  whereas  elastic  tissue  such  as  mus¬ 
cle  and  lungs  are  less  affected. 

Cartridges  with  low-mass  bullets  included  the  plastic  training  (PT)  cartridges  pro¬ 
duced  by  the  former  Dynamit  Nobel  AG  (now  RUAG).  The  plastic  bullet  used  in 
this  cartridges  weighs  only  0.42  g.  The  muzzle  velocity  is  approx.  1000  m/s  and 
the  muzzle  energy  approx.  200  J.  At  close  range,  these  bullets  cause  large  but 
shallow  entry  wounds  (2  to  4  cm,  see  Fig.  3-27,  top).  At  approx.  30  m,  the  bullet 
has  just  enough  energy  to  penetrate  the  eye. 

Bullets  of  which  the  surface  area  increases.  The  surface  area  of  a  bullet  can  in¬ 
crease  either  immediately  after  it  leaves  the  barrel  or  on  impact  with  the  target. 
These  are  the  only  two  points  at  which  the  high  forces  are  present  that  are  needed 
in  order  to  deform  a  bullet  that  is  designed  to  deform. 

The  bullet  can  be  deformed  by  the  high  gas  pressure  at  the  muzzle  or  by  the  high  penetration  re¬ 
sistance  offered  by  the  density  of  the  target. 

The  large  cross-sectional  area  is  only  needed  once  the  bullet  strikes  the  target.  If 
the  increase  in  cross-sectional  area  occurs  at  the  muzzle,  this  has  a  negative  effect, 
in  that  the  increased  drag  will  cause  the  bullet  to  lose  more  energy  along  its  tra¬ 
jectory,  energy  that  is  no  longer  available  when  the  bullet  strikes  the  target.  As  a 
result,  most  bullets  intended  to  achieve  high  effectiveness  (deformation  and  frag¬ 
mentation  bullets)  are  so  designed  as  to  increase  their  cross-sectional  area  on  im¬ 
pact  with  the  target. 

Deforming  bullets  lose  virtually  no  mass  as  their  cross-section  increases.  De¬ 
formation  can  start  only  once  the  bullet  is  in  contact  with  the  target.  The  deforma¬ 
tion  process  then  takes  a  certain  amount  of  time,  depending  on  the  material  used 
and  the  design  of  the  bullet.  As  a  result,  the  diameter  of  both  the  temporary  and 


Fig.  4-14.  Channels  in  soap.  Top: 
lead-core  deforming  bullet 
(Remington  Golden  Saber).  Bottom: 
solid  bullet  (MEN  QD  P.E.P.).  The 
QD  P.E.P.  deforms  noticeably  sooner. 
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the  permanent  cavity  increases  to  a  maximum  after  2  to  6  cm.  Thereafter,  the  sec¬ 
tional  density  of  the  bullet  remains  constant,  causing  the  diameter  of  the  cavities 
to  decrease  steadily,  and  approximately  exponentially.  See  Fig.  4-14.  The  large 
area  of  the  leading  surface  of  the  bullet  results  in  shoulder  stabilization,  as  de¬ 
scribed  in  2. 3. 5. 4.  The  bullet  therefore  does  not  yaw  and  leaves  a  virtually  straight 
track. 

There  are  two  basic  types  of  deforming  bullet.  The  first  type  consists  of  semi- 
jacketed  and  semi -jacketed  hollow-point  bullets,  in  which  a  lead  core  is  partly 
covered  by  a  harder  metal  (steel,  aluminium  or  copper  alloy).  The  tip  of  the  lead 
core  is  exposed,  and  in  the  case  of  hollow-point  bullets  an  axial  cavity  is  drilled 
into  it.  This  type  of  bullet  is  mainly  manufactured  and  used  in  the  USA.  Typical 
examples  include  Remington's  Golden  Saber,  (see  Fig.  4-14),  Federal’s  Flydra 
Shok  and  Gold  Dot  and  Winchester’s  Subsonic,  Silvertip  and  Ranger. 

The  other  category  consists  of  the  solid  deforming  bullets.  These  are  made  of  a 
single  material  (generally  a  copper  alloy)  and  also  have  cavity  at  the  tip,  generally 
closed  off  by  a  piece  of  plastic  or  metal.  This  type  is  produced  and  used  almost 
exclusively  in  Europe.  Most  of  these  belong  to  the  first  generation  range  of  police 
bullets  such  as  Dynamit  Nobel  AG/RUAG  Action  1,  MEN  Quick  Defense  or  to 
the  second  generation,  such  as  RUAG  Action  4  and  Action  5,  MEN  QD  P.E.P. 
(see  Fig.  4-14)  and  Flirtenberger  EMB. 

Fragmentation  bullets.  If  a  bullet  breaks  up  into  two  or  more  parts,  the  masses  of 
the  individual  parts  will  be  smaller  than  that  of  the  original  bullet,  and  the  larger 
the  number  of  fragments,  the  smaller  the  mass  of  each.  At  the  same  time,  the  dis¬ 
tribution  of  the  fragments  means  that  the  effective  cross-sectional  area  (in  the  di¬ 
rection  of  travel)  will  be  larger.  Together,  these  two  factors  lead  to  a  huge  reduc¬ 
tion  in  the  sectional  density  and  hence  (in  accordance  with  Eqn  4.2:20)  a  corre¬ 
spondingly  greater  wounding  potential. 

Fragmentation  is  achieved  in  one  of  the  following  ways: 

•  Structure  as  for  a  deforming  bullet,  but  so  designed  as  to  disintegrates  on  im¬ 
pact  as  a  result  of  the  forces  applies.  A  sufficiently  high  level  of  energy  is  re¬ 
quired  to  ensure  fragmentation,  so  these  bullets  are  generally  found  in  larger 
calibres  such  as  the  357  Mag.  and  44  Rem.  Mag.  (see  Fig.  4-15). 

•  Explosive  charge  built  into  the  body  of  the  bullet.  The  charge  detonates  on  im¬ 
pact,  causing  the  projectile  to  fragment.  There  are  very  few  handgun  bullets  of 
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Fig.  4-16.  Fragmentation  bullets.  Left : 

Velex  explosive  bullet  (with  fragments  from 
simulant).  Right:  Triplex  bullet.  Both  9  mm 
Luger. 

this  type.  One  of  the  few  examples  is  the  Velex  bullet  that  was  produced  for  a 
number  of  common  calibres.  The  charge  consisted  of  a  primer  cap  in  the  tip  of 
the  bullet  that  incorporated  a  small  quantity  of  explosive  (see  Fig.  4-16,  left). 

•  Bullets  with  secondary  projectiles.  These  bullets  include  a  number  of  smaller 
projectiles,  which  are  released  either  immediately  after  the  bullet  leaves  the 
barrel  or  on  impact  with  the  target. 

Colt  has  developed  the  Salvo  Squeeze  Bore  system.  The  end  of  the  barrel  is 
tapered  conically  on  the  inside.  The  projectile  consists  of  three  pointed  conical 
bullets,  each  with  a  hollow  in  the  base,  which  fit  over  one  another  and  are  held 
together  by  a  thin  plastic  jacket  (Triplex  bullet,  Fig.  4-16,  right).  These  are 
compressed  and  separated  in  the  conical  barrel,  such  that  three  projectile  reach 
the  target. 

Cartridges  containing  shot  are  available  for  a  number  of  common  calibres, 
such  as  38  Spl  The  diameter  of  the  shot  in  such  cartridges  does  not  exceed 
approx.  3  mm.  The  shot  is  contained  in  a  plastic  capsule  which  bursts  in  the 
barrel,  releasing  the  shot.  The  individual  pellets  carry  only  a  small  amount  of 
energy.  Nevertheless,  their  energy  density  is  fairly  high  -  they  are  capable  of 
penetrating  unprotected  skin  out  to  a  significant  distance.  Penetration  depth  and 
wounding  potential  are  both  limited,  however. 

With  the  2  mm  pellet  diameter  typical  for  a  38  Spl  cartridge  and  a  v0  of  280  m/s,  a  pellet  car¬ 
ries  approx.  1.8  J  of  energy.  Such  a  pellet  can  penetrate  unprotected  skin  at  ranges  of  up  to 
approx.  50  m,  but  without  causing  major  damage.  The  same  pellet  is  capable  of  penetrating  the 
eye  at  ranges  of  up  to  70  m. 

Bullets  that  release  their  secondary  projectiles  after  impact  include  the  Glaser 
Safety  Slug,  which  is  available  in  9  mm  Luger,  38  Spl  and  357  Mag.  This 
bullet  consists  of  a  copper  capsule  containing  approx.  350  pellets  with  a  di¬ 
ameter  of  1.5  mm.  After  penetrating  the  body,  the  capsule  bursts  and  the  pellets 
are  scattered  around  the  geometric  wound  channel  (see  Fig.  4-17).  Because  of 
the  low  sectional  density,  the  wound  channel  is  wide  but  comparatively  shal¬ 
low. 


Fig.  4-17.  Channel  of  a  9  mm  Luger 
Glaser  Safety  Slug.  Penetration  depth: 
11.8  cm  (Kneubuehl). 
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Bullets  that  discharge  a  small  number  of  secondary  projectiles  on  impact  in¬ 
clude  the  MagSafe  Razor  Ammo  (also  known  as  Rhino  Ammo),  Swat  and  De¬ 
fender  (containing  a  small  number  of  large  pellets)  and  High  Safety  Ammo 
(HSA).  The  HSA  contains  six  pointed  steel  darts.  The  tip  of  the  bullet  is  closed 
off  by  a  rubber  sphere.  On  impact,  this  sphere  is  forced  between  the  darts, 
pushing  them  outwards. 

Triton  (USA)  produce  a  fragmentation  bullet  known  as  the  Quik-Shok.  This 
is  a  conventional  semi-jacketed  hollow-tip  bullet,  but  with  the  lead  core  pre¬ 
fragmented  into  three  or  six  parts.  As  the  bullet  penetrates  and  mushrooms,  it 
fragments  into  the  jacket  and  the  three  or  six  lead  fragments. 

It  has  never  been  proven  that  a  handgun  bullet  that  transfers  a  large  amount  of  en¬ 
ergy  early  on  is  more  likely  to  stop  an  attacker.  It  is  quite  common  for  the  victim 
to  feel  no  pain  whatsoever  for  several  minutes  after  being  hit.  Throughout  that 
time,  he  or  she  remains  fully  operational.  This  being  the  case,  there  are  no  good 
reasons  for  using  fragmentation  bullets.  They  make  treatment  of  the  victim  more 
difficult,  and  are  therefore  questionable  from  a  humanitarian  point  of  view. 

4.2.2.4  Unconventional  bullet  designs 

Deforming  full  metal-jacketed  bullets.  There  have  been  a  number  of  attempts  to 
design  full  metal-jacketed  bullet  that  deform  on  penetrating  soft  tissue. 

The  aim  is  clearly  to  achieve  a  high  degree  of  effectiveness,  while  conforming  to  international  law. 
However,  the  conventions  prohibit  bullets  that  “...  expand  or  flatten  easily  in  the  human  body  ...” 
and  only  give  semi-jacketed  bullets  as  an  example  of  the  type  of  bullet  that  is  prohibited.  As  a  re¬ 
sult,  there  is  no  good  reason  for  developing  such  bullets. 

The  British  CBXX  prototype  bullet  has  a  core  made  of  a  gelatinous  material.  On 
penetrating  a  simulant,  the  tip  of  the  bullet  mushrooms  slightly  and  its  cross-sec¬ 
tion  increases  to  a  moderate  extent,  but  without  the  jacket  opening. 

More  recently,  Federal  has  developed  the  Expanding  Full  Metal  Jacketed 
(EFMJ)  bullet.  This  bullet  is  available  in  9  mm  Luger,  40  S  &  W  and  45  Auto. 
The  tip  has  a  plastic  core.  In  a  soft  simulant,  the  tip  flattens,  causing  the  jacket  to 
split  in  a  predetermined  pattern.  The  cylindrical  part  of  the  bullet  has  a  normal 
lead  core,  providing  the  bullet  with  typical  mass  for  its  size  (see  Fig.  4-18). 
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Fig.  4-18.  Federal  Expanding  Full  Metal  Jacket, 
9  mm  Luger.  Deformation  in  a  simulant. 
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Fig.  4-19.  Fiocchi  non-deforming  semi-  Fig.  4-20.  Winchester  semi-jacketed  bullet, 

jacketed  bullet,  38  Spl  Left.  Before  firing.  454  Casull.  Left.  Before  firing.  Right,  after  fir- 

Right :  after  firing  into  a  simulant.  ing  into  a  simulant.  The  bullet  has  only  under¬ 

gone  slight  mushrooming  at  the  tip.  Its  diameter 
has  not  increased. 

Non-deforming  semi-jacketed  bullets.  It  is  generally  assumed  that  semi-jacketed 
bullets  mushroom  on  impact  with  soft  tissue  or  equivalent  simulants,  causing  their 
cross-section  to  increase.  There  are,  however,  good  reasons  for  designing  bullets 
of  these  types  that  are  not  intended  to  deform,  or  for  which  deformation  would  in 
fact  be  undesirable. 

If  the  most  important  factor  is  accuracy,  then  it  is  the  tail  of  the  bullet  that  must  be  manufactured 
to  close  tolerances,  more  than  the  tip.  The  jacket  is  manufactured  by  drawing,  and  in  such  a  case  it 
is  useful  if  the  tail  rather  than  the  tip  can  be  drawn.  However,  this  requires  that  the  lead  core  be 
introduced  via  the  tip,  which  results  in  a  bullet  with  an  open  tip.  The  Sierra  Matchking  rifle  bullet 
is  a  typical  example. 

Certain  types  of  sport  shooting  (such  as  dynamic  and  silhouette  shooting)  involve  firing  at  tar¬ 
gets  made  of  hard  materials.  For  reasons  of  safety,  it  is  important  to  minimize  the  risk  of  ricochets. 
Solid  lead  and  semi-jacketed  bullets  deform  or  fragment  much  more  on  hitting  hard  targets  than  do 
full  metal-jacketed  bullets,  and  hence  are  significantly  less  likely  to  ricochet. 

Appropriate  choice  of  copper  alloy  for  the  jacket  and  lead  alloy  for  the  core  make 
it  possible  to  manufacture  semi -jacketed  handgun  bullets  which,  even  at  high  im¬ 
pact  energies,  either  do  not  mushroom  at  all  or  else  do  so  to  such  a  limited  extent 
that  the  cross-sectional  area  does  not  increase  (see  Figs  4-19  and  4-20). 


4.2.3  Gas  and  fluid  jets  as  projectiles 
4. 2.3.1  General 

A  jet  consists  of  a  mass  flow  moving  at  a  certain  velocity.  If  it  strikes  a  medium, 
then  a  certain  mass  will  rebound  at  this  velocity  within  a  certain  time  limit.  The  jet 
therefore  possesses  kinetic  energy  and  a  certain  energy  density,  which  is  related  to 
the  diameter  of  the  jet  (see  2.1.5).  This  would  seem  to  indicate  a  degree  of  simi¬ 
larity  with  a  projectile. 

One  major  difference  between  a  projectile  and  a  jet  is  the  length  of  time  for 
which  they  have  an  effect.  While  the  impact  or  penetration  process  of  a  bullet  lasts 
only  for  a  fraction  of  a  millisecond,  a  jet  can  continue  to  act  for  several  millisec- 
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onds  or  even  hundredths  of  a  second.  This  leads  one  to  suspect  that  the  penetra¬ 
tion  capacity  of  a  jet  -  and  possibly  that  of  a  projectile  -  is  determined  not  by  its 
energy  density,  but  by  its  energy- flux  density,  i.e.  the  energy  density  acting  per 
unit  time. 

This  has  no  implications  for  the  way  in  which  we  have  been  considering  the  penetration  capacity 
of  a  bullet  so  far.  As  the  time  over  which  a  bullet  acts  is  always  of  the  same  order  of  magnitude, 
we  can  safely  ignore  the  time  aspect. 

However,  this  might  explain  certain  phenomena  that  occur  when  a  bullet  is  fired  into  body  ar¬ 
mour  or  other  protective  materials.  Elastic  or  plastic  layers  allow  for  a  longer  stopping  distance. 
This  extends  the  exposure  time,  reducing  the  energy-flux  density.  That  would  be  an  explanation 
for  the  reduced  penetration  observed  when  the  victim  is  wearing  soft  layers  under  body  armour. 

In  order  to  cause  open  skin  wounds,  jets  have  to  produce  energy-flux  densities 
which,  in  a  very  short  exposure  time  (a  matter  of  milliseconds)  create  energy  den¬ 
sities  in  excess  of  the  threshold  energy  density  for  the  penetration  of  skin 
(0.1  J/mm2). 

4.2.3. 2  Liquid  jets 

Injuries  due  to  liquid  jets  can  occur  if  a  hydraulic  hose  is  punctured,  or  in  connec¬ 
tion  with  a  high-pressure  cleaner,  for  instance.  As  the  medium  is  approximately 
1000  times  as  dense  as  a  gas,  even  relatively  low  velocities  can  cause  sufficiently 
high  energy-flux  densities. 

For  instance,  liquid  will  escape  from  a  pipe  under  a  pressure  of  10  bar  at  a  ve¬ 
locity  of  approx.  50  m/s,  which  produces  an  energy-flux  density  of  0.05  J/(mm2-ms). 
An  exposure  time  of  as  little  as  2  ms  (which  corresponds  to  a  jet  length  of  10  cm) 
is  enough  to  yield  a  critical  energy  density. 

4. 2.3. 3  Gas  jets 

Gas  jets  are  created  by  such  devices  as  rocket  motors.  High  energy-flux  densities 
can  occur  in  the  vicinity  of  such  motors,  the  magnitude  depending  on  the  size  of 
the  motor.  However,  the  energy-flux  density  decreases  with  the  third  power  of 
distance  (see  Eqns  2.1:84  and  2.1:85),  so  open  wounds  can  only  occur  within  a 
relatively  short  distance. 

The  velocity  of  a  gas  jet,  however,  only  decreases  linearly  with  distance,  so  there  is  a  danger  of 
injury  due  to  the  effect  of  high  stagnation  pressure  and  of  open  wounds  at  a  greater  distance.  As  a 
result,  the  danger  zone  behind  jet  engines  is  determined  by  stagnation  pressure  and  not  by  energy- 
flux  density. 

The  gas  velocity  10  cm  behind  an  anti-tank  rocket  is  approximately  1800  m/s. 
Fig.  4-21  shows  the  pattern  of  energy-flux  density.  Open  wounds  can  occur  at  up 
to  40  cm,  if  the  skin  is  exposed  to  the  jet  for  2  to  3  ms  (STAUFFER,  Kneubuehl 
1992). 
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Fig.  4-21.  Energy-flux  density 
(E'/At)  in  the  gas  jet  of  an  unguided 
anti-tank  missile  as  a  function  of  dis¬ 
tance  (KNEUBUEHL). 


4.2.3. 4  The  effects  of  gas  jets  in  the  case  of  gas  and  alarm  pistols 

The  literature  describes  numerous  cases  in  which  gas  jets  from  alarm  pistols  have 
caused  serious  or  even  fatal  injuries.  See  the  comprehensive  work  by  ROTHSCHILD 
(1999)  for  details.  The  design  of  the  weapon  (especially  the  length  of  the  barrel) 
and  the  mass  of  propellant  are  the  decisive  factors. 

The  main  factor  determining  the  danger  presented  by  a  gas  or  alarm  pistol  is 
the  velocity/distance  function  in  the  free  jet.  From  the  fluid  velocity  we  can  de¬ 
termine  the  energy-flux  density,  and  from  that  we  can  determine  the  relevant  pa¬ 
rameter,  which  is  the  energy  density  at  the  point  of  impact  for  a  given  exposure 
time. 

The  propagation  velocity  of  the  gas  jet  can  be  determined  in  a  number  of  ways  (KNEUBUEHL 
1998): 

It  is  possible  to  carry  out  direct  measurements  using  multiple  shadowgraphs  with  very  short 
exposure  times  (of  the  order  of  1  ps).  The  velocity  can  then  be  calculated  directly  from  the  dis¬ 
tance  covered  between  two  successive  images  (indicated  using  a  reference  scale)  and  the  time 
taken  for  the  jet  to  cover  that  distance,  which  equates  to  the  time  between  the  two  images. 

The  momentum  of  the  gas  can  be  determined  using  a  ballistic  pendulum.  As  the  mass  of  the 
gas  is  known  (as  it  is  equal  to  the  mass  of  the  propellant)  we  can  calculate  the  fluid  velocity  at  the 
muzzle  directly. 

A  third  option  is  to  measure  the  pressure  in  the  gas  jet  at  various  distances  from  the  muzzle. 
Velocity  can  then  be  calculated  using  Bernoulli's  equation  (Eqn  2.1:61a). 

Kneubuehl  and  Rothschild  conducted  extensive  ballistic  studies  on  various 
alarm  pistols  using  all  three  measuring  techniques  (Kneubuehl  1998,  Roth¬ 
schild  1999).  Figs  4-22  and  4-23  show  the  velocities  measured  for  two  revolvers 
with  different  barrel  lengths. 

The  energy-flux  density  can  be  calculated  from  the  measured  velocities,  using 
Eqn  2.1:85.  The  exposure  time  (which  is  required  in  order  to  calculate  energy 
density)  is  obtained  from  the  pressure/distance  recordings. 

As  the  pressure  and  the  velocity  are  related  to  each  other  (in  accordance  with  Bernoulli’s  equa¬ 
tion),  the  pressure/time  curve  also  indicates  velocity  over  time  and  hence  energy  over  time. 


[m/s] 
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Fig.  4-22.  Velocity  as  a  function  of 
distance  in  the  gas  jet  produced  by  a  380 
cartridge.  Barrel  length:  105  mm. 


Fig.  4-23.  Velocity  as  a  function  of 
distance  in  the  gas  jet  produced  by  a  380 
cartridge.  Barrel  length:  140  mm. 


Table  4-17  shows  energy  densities  for  a  number  of  typical  alarm  pistol  calibres 
with  different  barrel  lengths.  The  data  in  that  table  allow  us  to  draw  the  following 
conclusions: 

-  Long-barrelled  weapons  produce  significantly  higher  energy  densities  than 
do  weapons  with  short  barrels.  The  difference  is  more  pronounced  in  the 
case  of  the  pistols  (8  mm  and  9  mm  P.A.)  than  of  the  revolvers  (380).  In  the 
case  of  the  revolvers,  the  size  of  the  gap  between  cylinder  and  barrel  and  the 
associated  loss  of  pressure  play  a  major  role,  as  does  the  mass  of  the  gas  that 
escapes  at  that  point. 

-  The  380  produces  significantly  higher  energy  densities  than  the  8  mm.  This 
is  readily  explained  by  the  much  higher  mass  of  propellant  that  must  be  used 


Table  4-17.  Energy  densities  of  a  number  of  alarm  pistols  as  a  function  of  distance 
from  the  muzzle 


Calibre 

Type  of 
weapon 

Barrel  length 

[mm] 

Energy  density  in  Joule/mm2 
distances 

0  mm  5  mm 

at  various 

10  mm 

8  mm 

Pistol 

57 

0.57 

0.20 

0.09 

56 

0.46 

0.16 

0.08 

53 

0.51 

0.18 

0.08 

125 

0.27 

0.10 

0.05 

380 

Revolver 

90 

0.61 

0.22 

0.10 

105 

0.75 

0.27 

0.13 

105 

0.56 

0.21 

0.10 

140 

0.24 

0.09 

0.04 

9  mm  P.A. 

Pistol 

68 

0.50 

0.19 

0.09 
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Fig.  4-24.  Channel  created  by  a  380  SP  blank 
cartridge  fired  into  gelatine  with  the  muzzle 
touching.  Short  barrel.  Penetration  depth:  5  cm. 


in  these  cartridges  to  compensate  for  the  losses  at  the  gap  between  cylinder 
and  barrel. 

-  At  a  distance  of  10  mm,  the  energy  densities  of  these  weapons  are  already  at 
the  threshold  for  penetrating  skin. 

In  terms  of  effectiveness,  gas  and  alarm  pistols  can  be  divided  into  two  groups  on 
the  basis  of  the  measurements.  The  short-barrelled  weapons  produce  energy  den¬ 
sities  of  between  0.45  and  0.75  J/mnr  at  the  muzzle.  This  is  certainly  enough  to 
produce  open  wounds  in  unprotected  skin  and  to  allow  the  gas  jet  to  penetrate  a 
certain  distance  into  the  underlying  tissue  (see  Fig.  4-24).  Even  at  a  distance  of 
5  mm  from  the  muzzle,  the  energy  density  lies  between  0.2  and  0.3  J/mnr. 

The  long-barrelled  weapons  (pistols  over  120  mm,  revolvers  over  135  mm) 
produce  significantly  lower  energy  densities  at  the  muzzle,  although  0.25  J/mnr  is 
still  above  the  threshold  for  skin.  However,  given  the  uncertainty  regarding  the 
duration  of  exposure  to  the  gas  jet,  it  is  not  absolutely  certain  that  serious  injury 
would  occur,  even  if  the  muzzle  were  in  contact  with  the  skin. 


4.3  Wound  ballistics  of  rifle  bullets 

4.3.1  Introduction 

The  barrel  of  a  rifle  is  between  twice  and  six  times  as  long  as  that  of  a  handguns. 
Furthermore,  the  volume  of  a  rifle  cartridge  is  significantly  greater  (see  2. 2. 2.2)  as 
is  the  mass  of  the  propellant.  As  a  result,  projectiles  fired  from  rifles  (with  the  ex¬ 
ception  of  rimfire  and  airgun  ammunition)  carry  many  times  the  energy  of  a  typi¬ 
cal  handgun  bullet.  Given  that  rifle  and  handgun  bullets  have  similar  masses,  this 
extra  energy  can  only  come  from  a  higher  muzzle  velocity  (see  Eqn  2.1:20),  and 
indeed,  rifle  bullets  leave  the  barrel  at  some  700  to  1000  m/s,  whereas  typical 
handgun  muzzle  velocities  lie  between  200  and  500  m/s. 

We  have  seen  in  3. 2. 3. 2  and  4.1.3  that  the  wounding  potential  (i.e.  the  effec¬ 
tiveness)  of  a  bullet  depends  in  part  on  the  energy  that  the  bullet  is  carrying.  Rifle 
bullets  are  therefore  substantially  more  effective  than  handgun  bullets.  However, 
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there  is  no  difference  of  principle  between  the  behaviour  of  a  rifle  bullet  and  that 
of  a  handgun  bullet  in  wound  ballistics  terms. 

There  is  currently  no  evidence  for  the  existence  of  a  velocity  or  energy  thresh¬ 
old  for  conventional  designs  of  handgun  or  rifle  bullets  above  which  different 
wound  ballistics  phenomena  would  occur.  As  impact  energy  increases,  the  me¬ 
chanical  effect  on  biological  tissue  increases  steadily,  as  long  as  the  bullet  remains 
shape  stable  at  the  velocities  under  consideration. 

However,  there  is  a  velocity  threshold  at  which  the  behaviour  of  the  bullet  changes.  Full  metal- 
jacketed  bullets  remain  shape  stable  on  impacting  gelatine  or  water  at  velocities  of  up  to  500  or 
600  m/s.  At  higher  velocities,  they  begin  to  deform  and  fragment  (see  Figs  3-30  and  3-31).  It  is 
only  possible  to  recover  a  bullet  undamaged  from  water  if  it  has  struck  it  at  a  velocity  below  this 
threshold. 

There  is  no  justification  for  often-used  differentiation  between  "low-velocity”  and 
"high-velocity”  bullet  wounds.  This  distinction  is,  at  best,  another  form  of  differ¬ 
entiation  between  wounds  caused  by  handguns  and  rifles. 

However,  rifle  bullets  do  cause  certain  effects  that  are  almost  undetectable  in 
the  case  of  handgun  bullets.  Most  of  these  effects  are  related  to  the  larger  amount 
of  energy  transferred.  We  shall  discuss  these  below. 

4.3.2  Remote  effects 
4. 3. 2.1  General 

By  remote  effects  we  mean  those  effects  that  are  related  to  the  bullet  wound  but 
manifest  themselves  somewhere  other  than  in  the  wound  channel  or  the  temporary 
cavity.  The  agent  of  such  effects  may  be  mechanical,  i.e.  the  bullet,  or  biological 
(physiological  or  pathological). 

On  impact,  the  bullet  causes  shock  waves,  which  are  transmitted  through  the 
medium.  The  radial  displacement  of  tissue  as  the  tip  of  the  bullet  passes  through  it 
leads  to  the  creation  of  the  temporary  cavity,  which  in  turn  causes  pressure  waves 
that  propagate  through  the  tissue. 

It  is  important  to  distinguish  between  shock  waves  on  the  one  hand  and  pres¬ 
sure  waves  (or,  more  precisely,  pressure  changes)  on  the  other.  They  differ  in  their 
propagation  velocity  and  duration,  and  in  the  energy  they  carry.  The  duration  of  a 
shock  wave  is  measured  in  microseconds,  whereas  that  of  a  pressure  change  is 
measured  in  milliseconds.  The  shock  wave  passes  right  through  the  body  very 
shortly  after  the  bullet  enters  it,  whereas  the  temporary  cavity  and  accompanying 
pressure  change  arise  only  after  the  bullet  has  left  the  body. 

We  must  also  make  a  careful  distinction  between  primary  and  secondary  bio¬ 
logical  effects.  By  primary  effects,  we  mean  those  associated  directly  with  the 
bullet  and  its  effects,  i.e.  the  wound  itself,  damage  caused  when  the  temporary 
cavity  is  created,  the  effects  of  shock  waves  on  tissue,  the  stimulation  of  nerves 
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and  its  consequences,  the  effects  of  pressure  waves  on  blood  vessels,  etc.  The  sec¬ 
ondary  effects  are  the  consequences  of  the  primary  changes,  which  occur  minutes 
or  hours  later.  We  know  that  the  wound  causes  a  large  number  of  physiological 
changes  in  the  body,  blood  loss  leads  to  a  redistribution  of  the  blood,  hormones 
are  released  and  pathological  changes  ( secondary >  lesions )  occur  in  the  damaged 
tissue.  All  of  these  secondary  changes  are  medically  relevant  and  are  important  for 
the  understanding  of  the  physiological  and  pathological  processes  that  occur  fol¬ 
lowing  trauma  (see  for  instance  SCHANTZ  1982).  However,  these  secondary  proc¬ 
esses  belong  not  to  the  domain  of  physical  wound  ballistics,  but  to  that  of  the 
medical  and  biological  consequences  of  bullet  wounds.  Given  the  aims  of  the  pre¬ 
sent  book,  we  shall  examine  the  primary  effects. 

4. 3. 2.2  Shockwaves 

Physics  of  shock  waves.  A  shock  wave  is  a  particular  kind  of  sound  wave.  Sound 
waves  are  longitudinal  waves,  in  which  particles  of  the  material  concerned  oscil¬ 
late  about  a  neutral  position.  They  propagate  through  the  material  at  a  velocity  c 
that  is  related  to  temperature. 

The  propagation  speed  of  small-amplitude  waves  is  known  as  the  speed  of  sound  (see  2. 1 .4.3).  The 
speed  of  sound  in  gelatine,  soap  and  water  at  20  °C  lies  between  1500  and  1600  m/s  (see  A.2.1  for 
other  values). 

However,  the  velocity  of  sound  waves  depends  not  only  on  temperature  but  also 
on  pressure.  As  pressure  increases,  so  does  velocity.  In  turn,  pressure  depends  on 
compressibility,  which  is  low  in  the  case  of  a  fluid.  The  wave  does  not  move  any 
material  from  one  place  to  another,  but  it  can  transmit  energy. 

At  small  amplitudes  the  oscillations  are  harmonic,  i.e.  the  positive  half  of  the 
wave  (overpressure)  is  equal  in  magnitude  to  the  negative  half  (underpressure)  - 
the  only  difference  is  in  the  sign.  However,  if  amplitude  approaches  or  exceeds 
the  pressure  at  rest,  then  while  the  positive  pressure  can  increase  indefinitely,  the 
negative  pressure  cannot  fall  below  a  certain  limit.  Because  the  speed  of  sound 
increases  with  amplitude,  this  means  that  the  positive  half-wave  moves  faster  than 
the  negative.  This  results  in  an  increasingly  steep  wavefront.  If  the  wavefront  be¬ 
comes  so  steep  that  pressure  changes  from  minimum  to  maximum  virtually  in¬ 
stantaneously,  the  resulting  wave  is  known  as  a  shock  wave.  A  shock  wave  is 
therefore  a  form  of  acoustic  wave  caused  by  a  sudden,  single,  intensive  excitation. 
After  a  certain  time,  or  after  the  wave  has  covered  a  certain  distance,  loss  of  en¬ 
ergy  or  velocity  will  cause  it  to  become  an  acoustic  wave  packet  of  small  ampli¬ 
tude. 

The  danger  of  a  shock  wave  (in  biological  terms)  lies  in  its  large  pressure  gradients,  i.e.  in  the  sud¬ 
den  changes  between  positive  and  negative  pressure  with  relation  to  pressure  at  rest. 

A  shock  wave  that  starts  from  a  point  source  propagates  spherically.  Its  amplitude 
decreases  with  1/r2,  where  r  is  distance  from  the  source.  If  the  source  is  linear,  the 
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wave  propagates  in  the  form  of  a  cylinder,  and  amplitude  decreases  with  1/r.  A 
bullet  penetrating  a  medium  creates  a  wave  that  is  neither  spherical  nor  precisely 
cylindrical.  The  exponent  of  r  therefore  lies  between  1  and  2. 

We  can  calculate  the  pressure  at  r  by  introducing  a  term  ro,  the  point  of  maxi¬ 
mum  pressure  pmax  (e.g.  the  surface  of  the  projectile).  If  the  source  of  the  shock 
wave  is  spherical,  r  can  be  taken  as  equal  to  the  radius  of  the  sphere.  We  therefore 
obtain: 

(4.3:1)  p(r)  =  PmaxM  ,  [Pa] 

with  n  =  1  for  a  cylindrical  wave  and  n  =  2  for  a  spherical  wave. 

Unlike  a  sinusoidal  sound  wave,  with  only  one  frequency,  a  shock  wave  is  a 
unique  event  of  very  short  duration  with  an  extremely  steep  front,  its  amplitude  p 
decaying  approximately  exponentially  thereafter.  Its  half-life  period  x  is  less  than 
half  a  millisecond. 

t 

(4.3:2)  p  =  pmax  •  e  x  <  0.5  ms  .  [Pa] 

After  a  given  period  >0.5  ms,  amplitude  decays  more  gradually,  with  a  graph  of 
the  waveform  showing  a  “tail”  (Fig.  4-25  a).  This  tail  is  of  no  significance  to  the 
present  discussion. 
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Fig.  4-25.  Shock  wave  as  a 
function  of  time: 

a.  Timebase  100  ps.  The 
shockwave  is  right  at  the 
beginning  of  the  pressure  graph. 

b.  Timebase  5  ps.  The 
shockwave  at  the  beginning  is 
clearly  visible.  It  reaches  a 
maximum  after  approx.  0.5  ps, 
followed  by  a  negative  “tail.” 


216  4  Wound  ballistics  of  bullets  and  fragments 


A  steep  wavefront  always  indicates  that  a  mixture  of  frequencies  is  present  (Fourier  analysis).  The 
steeper  the  wavefront,  the  higher  the  frequencies  making  up  the  mixture.  Conversely,  the  presence 
of  high  frequencies  is  an  indicator  of  a  steep  wavefront. 

The  decisive  factor  is  the  steep  wave  front  mentioned  above,  with  amplitude 
reaching  a  maximum  in  less  than  a  microsecond.  This  means  that  pressure  rises 
from  zero  to  a  maximum  in  less  than  a  millimetre.  This  distance  corresponds  to 
the  dimensions  of  biological  structures  (cells),  and  one  could  therefore  expect 
cellular  reactions  to  occur. 

One  parameter  of  relevance  to  the  propagation  of  a  shock  wave  is  the  charac¬ 
teristic  wave  impedance  Z  of  the  medium.  This  is  defined  as: 

(4.3:3)  Z  =  p-c,  [kg/(m2-s)J 

where  p  =  density  and  c  =  the  speed  of  sound  in  the  medium. 

If  a  shock  wave  passes  through  a  homogenous  medium,  its  amplitude  will  de¬ 
crease  in  accordance  with  Eqn  4.3:1.  If  the  medium  is  heterogenous,  its  amplitude 
will  also  be  reduced  by  reflection  at  the  interfaces.  The  magnitude  of  the  reflec¬ 
tions  depends  on  the  reflection  coefficient.  This  is  defined  as: 

(4-3:4)  p  =  ^  ~  ,  [-] 

Z-i\  “I-  ^2 

Negative  values  for  p  indicate  that  the  wave  has  been  reflected  with  its  phase  re¬ 
versed,  i.e.  positive  pressure  has  become  negative  and  vice  versa. 

Bone  is  the  tissue  type  with  the  highest  characteristic  wave  impedance  and 
therefore  causes  reflections  with  a  high  amplitude.  Lung  tissue  has  the  lowest  im¬ 
pedance  and,  because  of  the  air  it  contains,  the  greatest  damping  effect. 

Shock  waves  are  used  in  medicine,  to  break  up  kidney  stones,  in  a  process  known  as  shock-wave 
lithotripsy.  The  waves  are  focused  on  an  area  some  1 0  mm  in  diameter,  within  which  they  produce 
a  pressure  of  1000  to  1500  bar  followed  by  an  underpressure  of  around  300  bar.  Here  also,  we  can 

assume  that  it  is  not  the  overpressure  that  destroys  the  kidney  stone,  but  the  undeipressure  that 

follows  it,  creating  tensile  stress.  This  is  confirmed  by  slow-motion  video. 

The  interesting  aspect  from  a  wound  ballistics  point  of  view  is  the  amplitude  of  a 
shock  wave  propagated  through  a  dense  medium  by  a  bullet.  Using  Eqn  2.1:62 
(see  2. 1.4. 4)  the  stagnation  pressure  at  the  tip  of  the  bullet  is  given  by: 

(4.3:5)  Pmax  =  Cp  •  |  •  p  •  v2  .  [Pa] 

where  p  =  the  density  of  the  medium  [kg/m3]. 

For  instance,  substituting  the  density  of  water  (1000  kg/m3)  for  p  and  0.3  for  the 
pressure  coefficient  Cp  of  the  bullet  (see  Table  4-14),  we  obtain: 

(4-3:6)  Pmax  =  150  •  v2  .  [Pa] 
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If  we  know  the  exponent  n  from  Eqn  4.3:1  (1  <  n  <  2),  we  can  calculate  pressure 
amplitude  p(r)  at  a  distance  r  from  the  bullet  track. 

SUNESON  et  al.  (1989)  fired  a  6  mm  steel  sphere  into  water  at  a  velocity  of  1200  m/s.  At  a  distance 
of  500  mm  from  the  bullet  track,  they  recorded  a  pressure  of  2.12  bar.  The  stagnation  pressure  cal¬ 
culated  for  such  a  sphere  is  2160  bar.  From  this  data,  we  can  calculate  the  value  of  the  exponent  n. 
Using  Eqn  4.3:1,  we  obtain  a  value  of  approximately  4/3. 

Shock  waves  in  the  human  body.  A  shock  wave  initiated  in  a  homogenous  me¬ 
dium,  or  applied  to  such  a  medium,  results  in  a  defined  waveform  with  a  sharp 
(positive)  wavefront  followed  by  a  negative  phase.  Its  duration  is  very  short  -  of 
the  order  of  microseconds.  Because  of  the  inhomogeneity  of  the  body,  this  simple 
wave  undergoes  significant  reflection  and  scatter  at  the  interfaces.  It  is  trans¬ 
formed  into  a  “burst”  of  longer  duration,  with  a  statistically  irregular  frequency 
and  amplitude  distribution.  If  one  expands  the  timebase  far  enough,  one  can  just 
about  identify  the  sharp  front  of  the  original  shock  wave  at  the  start  of  the  burst. 

SUNESON  et  al.  (1987,  1989,  1990a-c)  carried  out  extensive  studies  on  shock 
waves  in  the  body,  with  the  primary  aim  of  determining  whether  such  waves 
cause  changes  in  cells  (see  4. 3.2. 3). 

Equipment  used:  Young  pigs  weighing  19  and  28.5  kg  were  used.  Pressure  transducers  were  in¬ 
serted  into  the  brain,  the  abdomen  and  the  muscle  of  the  right  thigh.  6  mm  steel  spheres  weighing 
0.88  g  were  fired  into  the  left  thigh  at  an  impact  velocity  of  approx.  1500  m/s.  The  wound  channel 
measured  1 1  cm  in  one  test  group  and  just  under  8  cm  in  another.  The  calculated  energy  trans¬ 
ferred  was  770  J  in  one  case  and  630  J  in  the  other. 

From  the  difference  in  the  times  at  which  signals  were  recorded  in  the  right  thigh 
and  in  the  brain,  and  the  distance  between  the  two,  the  speed  of  sound  was  calcu¬ 
lated  as  lying  between  1444  and  1450  m/s. 

The  peak  pressure  pmax  in  the  right  thigh  was  8.78  and  8.62  bar,  while  the  dif¬ 
ference  between  maximum  and  minimum  was  14.0  and  9.74  bar.  The  bursts  were 
700  to  900  ps  long,  the  frequency  range  extended  from  a  few  hundred  kilohertz  to 
over  1  MHz  and  the  rise  times  were  around  400  ns.  This  clearly  shows  that  we  are 
dealing  with  shock  waves  (see  Fig.  4-25  a,  b).  The  entire  (initial)  shock  wave 
complex  lasted  for  only  approx.  3.5  ps. 

After  a  delay  (which  corresponded  to  the  transit  time),  a  similar  waveform  was 
recorded  in  the  upper  abdomen.  In  general,  the  upper  frequency  limit  lay  at  about 
500  kHz  -  the  upper  frequencies  had  decreased,  and  hence  so  had  the  steepness  of 
the  wave  front.  pmax  was  3.80  bar  and  the  peak-to-peak  value  was  6.60  bar. 

Later  still  (after  approx  300  to  350  ps),  the  wave  reached  the  brain.  The  maxi¬ 
mum  frequency  was  now  only  about  200  kHz,  the  oscillations  lasted  for  500  to 
700  ps,  pmax  was  1.46  bar  and  the  peak-to-peak  value  was  2.68  bar. 

To  sum  up,  therefore:  the  projectile  causes  a  shock  wave,  which  propagates  at 
approximately  the  speed  of  sound  (slightly  faster  at  first).  As  distance  from  the 
point  of  excitation  increases,  the  amplitude  of  the  wave  decreases  because  of  re¬ 
flections  and  damping  and  it  becomes  less  steep,  as  evidenced  by  the  drop  in  the 
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maximum  frequency  present  in  the  frequency  mix.  Finally,  the  shock  wave  be¬ 
comes  a  simple  mix  of  acoustic  frequencies. 

4.3. 2.3  Biological/pathological  consequences  of  shock  waves 

General.  This  areas  has  recently  become  the  object  of  renewed  interest,  especially 
in  connection  with  “non-lethal”  weapons.  Harvey  et  al.  carried  out  studies  on  tis¬ 
sue  damage  due  to  shock  waves  as  early  as  1947. 

One  of  the  authors’  conclusions  was  that  blood  cells  in  Ringer’s  solution  that  were  subjected  to  a 
large  shock  wave  suffered  no  damage  (i.e.  no  haemolysis).  Suspended  frog  hearts  likewise  exhib¬ 
ited  no  changes.  The  amplitudes  of  the  shock  waves  lay  in  the  range  50  to  100  bar,  measured  with 
a  tourmaline  pressure  transducer.  Overall,  the  authors  maintained  that  shock  waves  caused  no 
damage  to  tissue,  although  in  view  of  the  manner  in  which  they  conducted  their  experiments  it 
would  be  more  correct  to  say  that  they  observed  no  macroscopic  damage.  The  authors  did  not  con¬ 
duct  any  histological  investigations. 

Excitation  of  nerves  by  shock  waves.  It  is  the  change  in  pressure  that  can  pro¬ 
voke  a  nervous  reaction.  A  static  pressure  of  over  100  bar  does  not  induce  any  ex¬ 
citation,  nor  does  it  impair  the  functioning  of  the  nerve,  as  was  demonstrated  by 
physiologist  Ebbecke  (Bonn)  several  decades  ago. 

As  part  of  a  study  by  Wehner  and  Sellier  (1981)  on  the  effects  of  bullets 
striking  persons  wearing  body  armour,  experiments  were  also  conducted  to  inves¬ 
tigate  the  possible  excitation  of  nerves  by  shock  waves. 

The  experiment  is  shown  in  Fig.  4-26.  A  steel  block  contains  a  channel  4  cm  in 
diameter,  filled  with  40%  Ringer  gelatine.  The  nerve  (taken  from  a  bullfrog)  lies 
perpendicular  to  the  channel  and  is  connected  to  stimulating  and  recording  elec¬ 
trodes  outside  the  block.  The  right-hand  side  of  the  channel  is  closed  off  by  a 
pressure  transducer  with  a  high  natural  frequency  (Kistler  603  B),  while  the  left- 
hand  side  is  sealed  by  a  metallic  membrane.  When  a  projectile  strikes  the  mem¬ 
brane,  it  produces  an  almost  plane  shock  wave,  which  passes  via  the  nerve  as  it 
moves  towards  the  right-hand  end  of  the  channel.  The  amplitude  of  this  wave  is 
then  measured  by  the  pressure  transducer.  It  is  possible  to  vary  the  amplitude  of 
the  shock  wave  by  altering  the  impact  energy  of  the  sphere. 

Fig.  4-27  shows  a  typical  recording.  To  test  the  apparatus,  the  nerve  is  first 
stimulated  using  a  4  V  square-wave  pulse  (Curve  b).  The  nerve  reacts  by  produc¬ 
ing  an  electrical  signal  that  moves  along  the  nerve  and  can  be  detected  at  the  re¬ 
cording  electrode  (Curve  a).  This  is  the  compound  action  potential.  A  shock  wave 
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Fig.  4-26.  Experiment  to  detect 
stimulation  of  a  nerve  by  a  shock 


wave. 
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Fig.  4-27.  Results  of  exciting  a 

nerve  using  a  shock  wave: 

a.  The  reaction  of  the  nerve  to 
mechanical  stimulus  (left)  and 
electrical  stimulus  (right)  takes 
the  same  form. 

b.  Square-wave  impulse  used  to 
excite  the  nerve.  The  time  axes 
of  a  and  b  are  identical,  and 
share  a  common  zero. 

c.  Results  of  mechanical  stimula¬ 
tion.  The  y-axis  shows  the 
magnitude  of  the  reaction  of 
the  nerve  to  stimulus  (in  mV). 
E.g.  4.8  bar  produces 
approx.  10  mV. 


is  then  produced  which  also  induces  an  electrical  stimulus  in  the  nerve,  as  shown 
in  Curve  b.  The  nerve  reacts  in  the  same  manner  to  electrical  stimulus  as  to  me¬ 
chanical. 

Below  about  0.75  bar,  the  nerve  used  for  the  experiment  did  not  produce  a 
compound  action  potential.  As  one  would  expect,  the  amplitude  of  the  compound 
action  potential  increased  with  the  amplitude  of  the  shock  wave  (see  Fig.  4-26). 
Saturation  was  reached  at  about  5  bar.  Fligher  pressures  led  to  no  increase  in  com¬ 
pound  action  potential. 

These  experiments  show  that  a  shock  wave  of  sufficient  amplitude  can  excite  a 
nerve.  In  other  words,  the  nerve  reacts  to  the  wave  as  if  it  had  undergone  physio¬ 
logical  stimulation.  The  effector  organ  on  which  the  nerve  acts  is  therefore  inca¬ 
pable  of  distinguishing  between  an  endogenous  and  an  exogenous  electrical  nerve 
impulse,  i.e.  one  from  within  the  body  or  from  outside. 

The  eye  is  a  good  example  of  the  effect  of  mechanically  stimulating  a  nerve.  A  sharp  blow  to  the 
eye  causes  the  victim  to  "see  stars”  because  of  the  stimulation  undergone  by  the  cells  in  the  retina, 
which  in  principle  are  sensitive  to  light. 

The  purpose  of  these  experiments  was  to  determine  whether  a  shock  wave  could 
cause  death  by  shock.  "Death  by  shock"  does  not  have  a  clear  medical  definition. 
The  term  is  used  in  a  number  of  different  senses.  Flere  we  shall  define  "death  by 
shock"  (if  indeed  it  exists)  as  follows:  death  following  a  non-life-threatening  mi¬ 
nor  injury  that  did  not  cause  significant  bleeding,  from  which  it  may  be  concluded 
that  the  victim  suffered  sudden  cardiac  arrest  shortly  after  the  injury  occurred. 
Theoretically  such  an  effect  is  possible,  in  terms  of  the  mechanism  by  which  heart 
and  circulation  are  controlled. 
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The  mechanism  is  as  follows:  At  the  point  where  the  carotid  arteries  divide  (i.e.  where  the  Arteriae 
carotis  communis  splits  into  the  A.carotis  interna  and  externa)  there  is  a  pressure  transducer,  the 
carotid  sinus,  which  takes  the  form  of  a  plexus  (the  Glomus  caroticum).  This  measures  the  blood 
pressure  in  this  vessel  and  passes  the  result  to  a  control  system  that  adjusts  the  pressure.  An  in¬ 
crease  in  blood  pressure  leads,  via  a  branch  of  the  vagus  nerve,  to  a  drop  in  heart  rate  and  vice 
versa.  A  large  pulse  applied  to  the  pressure  transducer  or  the  nerve  that  leads  from  it  causes  the 
nerve  to  transmit  an  electrical  signal  to  the  heart.  The  result  is  a  false  “Pressure  Increasing”  mes¬ 
sage,  which  leads  to  a  reduction  in  heart  rate  (this  is  known  as  the  carotid  sinus  reflex).  If  the  im¬ 
pulse  were  powerful  enough  this  could,  in  theory,  lead  to  cardiac  arrest. 

The  carotid  sinus  syndrome  is  a  known  phenomenon  in  internal  medicine  and  neurology.  Pres¬ 
sure  on  the  corresponding  point  in  the  neck  causes  a  temporary  drop  in  blood  pressure,  leading  to 
dizziness  (due  to  a  shortage  of  blood  in  the  brain)  and  pallor. 

One  argument  against  such  an  attempt  to  explain  death  by  shock  in  this  manner  is 
that  when  the  bullet  passes  through  the  body  the  shock  wave  will  stimulate  not 
only  the  vagus  nerve  (the  parasympathetic  nervous  system)  but  also  the  sympa¬ 
thetic  nervous  system,  if  the  amplitude  of  the  wave  is  sufficiently  great,  and  the 
effects  of  the  two  would  cancel  each  other  out.  It  could  of  course  be  that  at  a  cer¬ 
tain,  low  amplitude  (higher  than  the  threshold  at  which  the  nerve  is  excited)  the 
two  systems  could  be  stimulated  to  different  degrees,  as  propagation  of  the  shock 
wave  is  damped  proportionally  to  1/r  and  undergoes  reflection  from  inhomogene¬ 
ous  structures.  At  present,  this  is  still  a  theory.  No  experimental  confirmation  ex¬ 
ists.  The  problem  should  be  borne  in  mind,  however. 

In  one  case  dealt  with  by  the  Institute  of  Forensic  Medicine  of  the  University  of  Berne  (WYLER  et 
ah,  unpublished)  it  appeared  that  an  instance  of  “death  by  shock”  had  been  discovered.  An  elderly 
woman  was  hit  in  the  soft  parts  of  the  neck  by  a  shotgun  blast  at  close  range.  She  clearly  died  in¬ 
stantly,  although  the  shot  had  failed  to  damage  large  blood  vessels  or  to  perforate  the  cranial  cavity 
or  vertebral  canal.  On  the  other  hand,  the  brain  did  show  evidence  of  “coup  contrecoup.” 

Ballistic  reconstruction  involving  shooting  tests  showed  that  when  pellets  of  this  nature  pass 
through  the  neck  in  a  very  short  time  (approx.  0.2  ms)  the  amount  of  energy  transferred  to  the  neck 
is  very  large,  corresponding  to  a  fall  from  a  height  of  1.7  m,  but  with  the  energy  transferred  50 
times  as  fast.  The  shotgun  pellets  striking  the  soft  parts  of  the  neck  applied  kinetic  energy  eccentri¬ 
cally,  and  the  resulting  rotational  acceleration  of  the  brain  caused  instantaneous  death. 

A  further  theoretically  possible  manner  in  which  death  by  shock  could  result  from 
shooting  -  stimulation  of  the  pressure  receptors  in  the  carotid  arteries  -  will  be 
discussed  in  4. 3. 2. 4.  See  also  “Changes  in  EEG  as  a  result  of  shock  waves”  later 
in  this  section. 

Cell  damage  caused  by  shock  waves,  and  histological  changes  to  tissue.  As  we 

have  already  seen,  the  amplitude  of  the  shock  wave  rises  from  zero  to  a  maximum 
over  a  very  short  distance,  causing  a  large  pressure  gradient,  and  this  distance  cor¬ 
responds  approximately  to  the  size  of  a  cell,  i.e.  about  10  pm.  One  would  there¬ 
fore  suspect  that  such  a  gradient  might  cause  damage  to  cells.  A  number  of  au¬ 
thors  have  mentioned  this  possibility  (e.g.  BERLIN  et  al.  1979  and  Sellier  1983). 
What  is  certain  is  that  it  is  not  the  pressure  itself  that  causes  damage,  but  rather 
the  rapid  increase  in  pressure  or  the  rapid  drop  in  pressure  that  follows  it,  as  a  bio¬ 
logical  structure  can  only  be  damaged  by  shear  or  stretching,  not  by  compression. 
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Logically,  the  degree  of  cell  damage  will  depend  on  the  amplitude  of  the  shock 
wave.  In  other  words,  a  shock  wave  with  a  small  amplitude  will  cause  only 
reversible  interference  to  the  functioning  of  the  cell,  whereas  a  large  amplitude 
will  also  destroy  cells,  depriving  the  organism  of  the  corresponding  function. 
Furthermore,  there  will  probably  be  a  threshold  below  which  there  is  no  visible 
reaction  on  the  part  of  the  cell.  This  would  be  analogous  to  the  threshold  below 
which  a  shock  wave  fails  to  stimulate  a  nerve. 

SUNESON  et  al.  (1987,  1989,  1990a-c)  measured  the  pressure  in  the  thigh,  ab¬ 
domen  and  brain  of  a  pig  when  a  projectile  was  fired  into  its  left  thigh  (see 
4. 3. 2. 3).  These  experiments  also  involved  histological  studies  aimed  at  identifying 
any  modifications  or  damage  to  cells  caused  by  shock  waves.  We  shall  discuss 
these  below.  Inevitably,  our  discussion  will  involve  a  number  of  medical  terms. 
For  those  unfamiliar  with  medical  topics,  the  essential  finding  was  as  follows:  de¬ 
pending  on  the  intensity  (i.e.  the  amplitude)  of  a  shock  wave,  it  caused  either  re¬ 
versible  interference  to  the  functioning  of  a  cell  or  irreversible  changes  to  that 
cell.  However,  no  massive  cell  destruction  was  observed  at  the  shock  wave  am¬ 
plitudes  produced  in  these  experiments  (of  the  order  of  1  to  10  bar). 

Results:  Macroscopic  examination  revealed  scattered  petechial  (minuscule, 
punctiform)  bleeding  on  the  left  n.  ischiadicus,  but  no  visible  destruction  of  tissue. 
This  effect  could  be  the  result  of  the  temporary  cavity,  with  the  projectile  having 
missed  the  nerve  itself.  The  right  n.  ischiadicus  and  n.  phrenicus  were  unaffected. 

Examination  under  an  optical  microscope  revealed  the  myelin  sheaths  of  the 
above-mentioned  nerves  to  be  undamaged,  with  no  sign  of  deformation  or  shear. 
The  axons,  however,  displayed  varying  degrees  of  deformation  of  the  myelin 
sheaths,  myelin  invagination  and,  in  some  cases,  voids  between  the  axolemma  and 
the  myelin.  The  frequency  and  extent  of  the  changes  were  more  marked  in  the 
case  of  the  animals  killed  48  hours  after  the  experiment  and  those  examined  im¬ 
mediately  after.  One  must  therefore  assume  that  these  were  not  direct,  primary 
results  of  the  shock  wave  but  rather  secondary  effects.  However,  we  still  need  to 
identify  the  primary  mechanism  by  which  damage  is  caused. 

If  the  blood-brain  and  blood-nerve  barriers  become  permeable,  this  is  a  clear 
sign  of  cell  damage. 

It  is  possible  to  test  for  this  by  injecting  a  dye,  such  as  Evans  Blue.  Only  if  the  barrier  has  become 
permeable  will  the  organs  (in  this  case  the  brain  or  the  nerves)  take  on  the  colour.  The  dye  is  in¬ 
jected  intravenously  10  minutes  before  the  shot  is  fired. 

The  left  N.  ischiadicus  was  strongly  coloured,  which  was  to  be  expected  in  view 
of  the  other  indications  of  significant  damage  (petechial  bleeding,  etc.).  The  N. 
ischiadicus  on  the  other  side  showed  slight  coloration,  visible  to  a  varying  degree. 
As  we  have  seen  above  (in  4. 3. 2. 2),  the  largest  shock  wave  amplitudes  were  re¬ 
corded  in  the  right  hind  leg,  through  which  the  N.  ischiadicus  passes,  as  this  is  the 
closest  point  to  the  wound  channel,  apart  from  the  left  hind  leg.  No  coloration  was 
observed  in  the  brain  or  in  the  left  or  right  N.  phrenicus. 
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SUNESON  et  al.  also  studied  the  reaction  of  cell  cultures  to  shock  waves.  This 
technique  was  at  that  time  unknown  in  the  field  of  wound  ballistics,  although  it 
had  been  applied  to  pharmaceutical  research.  It  has  two  advantages  over  experi¬ 
ments  involving  animals:  not  only  is  it  considerably  less  expensive,  but  more  im¬ 
portantly  it  uses  no  animals,  which  is  highly  satisfactory  from  an  ethical  point  of 
view. 

The  apparatus  used  by  SUNESON  et  al.  was  as  follows:  A  reinforced  rubber  pipe  100  cm  long,  with 
an  internal  diameter  of  15  cm  and  walls  0.3  cm  thick  was  set  up  vertically.  It  was  sealed  at  the 
bottom  by  a  convex  acrylic  glass  disc  placed  with  the  convex  side  inwards,  so  as  to  scatter  the 
shock  wave.  Two  openings  approximately  5  cm  in  diameter  were  made  in  the  walls  of  the  tube 
about  20  cm  from  the  upper  end.  These  openings  were  situated  diametrically  opposite  each  other 
and  were  sealed  by  thin  plastic  membranes.  The  tubes  were  filled  with  bubble-free  water  at  a  tem¬ 
perature  of 37°C. 

6  mm  steel  spheres  weighing  0.88  g  were  fired  through  the  two  plastic  membranes  at  a  velocity 
of  approx.  1,200  m/s.  The  calculated  energy  transferred  to  the  water  was  approximately  500  J. 

The  plate  with  the  cell  cultures  was  placed  50  cm  below  the  planned  track  of  the  projectile. 
This  distance  was  selected  because  it  corresponded  to  the  distance  between  the  left  hind  leg  and 
the  brain  in  the  animals  used;  the  idea  was  to  achieve  the  same  mixture  of  frequencies.  A  pressure 
transducer  was  installed  under  the  plate  and  its  cable  routed  through  the  acrylic  glass  disc. 

The  cell  cultures  consisted  of  dorsal  root  ganglions  from  17-day-old  rat  embryos.  The  plate 
was  enclosed  in  a  surgical  glove  containing  cell  culture  medium  at  a  temperature  of  37°C.  This 
enclosure  allowed  the  shock  wave  to  pass  with  virtually  no  reflection. 

The  maximum  shock  wave  amplitude  at  the  cell  culture  was  approx.  2.1  bar.  The 
frequencies  in  the  wave  ranged  from  0  Hz  to  250  kHz. 

Results:  Immediately  after  the  shot,  examination  with  an  optical  microscope 
revealed  no  pathological  changes  in  the  cells.  However,  a  number  of  the  larger 
neurones  showed  more  intensive  coloration  than  did  those  of  the  controls.  After 
six  hours,  most  of  the  neurones  displayed  signs  of  damage:  their  cores  had  shrunk 
and  some  had  become  pyknotic,  they  also  displayed  vacuoles  and  irregularities  in 
the  structure  of  the  cytoplasm.  The  Schwann  cells  and  fibroblasts  showed  similar 
changes  after  six  hours,  albeit  to  a  lesser  degree. 

The  Evans  Blue  colour  test  mentioned  above  was  negative  immediately  after 
the  shot  was  fired,  with  rare  exceptions.  This  corresponds  with  the  results  for  the 
controls.  After  six  hours,  virtually  all  the  neurones  were  coloured,  indicating  seri¬ 
ous  functional  failure  of  the  cell  membranes. 

Interestingly,  extensive  cell  damage  was  noted  at  impact  velocities  of 
approx.  1,500  m/s  (i.e.  1.25  times  the  velocity  used,  producing  waves  with  an  am¬ 
plitude  1.5  times  larger).  Some  of  the  cells  had  become  mechanically  separated 
from  their  support. 

The  authors  also  measured  the  oxygen  consumption  of  the  (living)  cells  before 
and  after  the  shock  wave.  Oxygen  consumption  is  a  good  indicator  of  whether  the 
cells  are  functioning  correctly.  Under  the  above-mentioned  experimental  condi¬ 
tions  and  ballistic  values  (velocity,  energy  transfer  and  shock  wave  amplitude), 
oxygen  consumption  fell  to  20%  of  the  previous  level  after  the  shot  was  fired. 
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It  is  clear  that  the  shock  waves  damaged  the  cells.  What  is  not  clear  is  the 
mechanism  by  which  this  happened.  Immediately  after  being  subjected  to  shock 
waves,  the  cells  show  no  change.  Change  only  becomes  apparent  later.  The  dam¬ 
age  is  therefore  not  caused  directly  by  the  wave,  but  by  some  (non-specific)  reac¬ 
tion  by  the  cell  to  a  cause  of  which  we  are  currently  ignorant. 

The  question  as  to  which  physical  characteristic  of  the  shock  wave  is  capable  of  damaging  the  cell 
remains  to  be  answered.  The  candidates  are:  the  rise  in  pressure,  the  pressure  gradient  (from 
maximum  positive  amplitude  to  minimum  negative)  or  just  the  negative  pressure.  We  discussed 
this  point  to  some  extent  in  the  previous  section,  “Excitation  of  nerves  by  shock  waves.”  From  that 
discussion  it  is  clear  that  the  only  possible  causes  are  the  pressure  gradient  (which  effectively 
means  shearing  of  the  cells)  or  the  negative  pressure  alone. 

Changes  to  the  EEG  as  a  result  of  shock  waves.  The  experiments  conducted  by 
SUNESON  et  al.  (see  4. 3. 2.2)  showed  that  even  when  a  projectile  was  fired  into  the 
hind  leg  of  a  pig,  pressure  changes  of  approx.  1.5  bar  occurred  in  the  brain.  Waves 
of  this  nature  could  have  physiological  or  psychological  effects.  In  the  case  of 
non-fatal  hits,  they  could  even  cause  incapacitation  or  other  mental  effects. 

GORANSSON  et  al.  (1988)  studied  this  problem,  observing  the  changes  in  the 
EEG  of  a  pig  (m  *  25  kg)  when  a  shot  was  fired  into  the  hind  leg.  Obviously, 
these  studies  address  only  one  aspect  of  the  problem. 

They  found  that  the  amplitude  of  the  EEG  curve  dropped  to  50%  of  normal  for 
about  30  s  after  the  shot.  In  three  out  of  nine  pigs,  however,  no  such  effect  was 
observed.  None  of  the  animals  underwent  a  change  in  blood  pressure  or  ECG 
during  the  period  in  which  the  EEG  was  observed,  but  six  of  the  nine  animals 
stopped  breathing  for  up  to  45  s.  Control  experiments  confirmed  that  sound  waves 
or  concussion  from  the  shot  had  no  influence  on  the  EEG. 

4. 3. 2.4  Pressure  changes  in  blood  vessels 

In  3.2.3. 1,  we  say  that  the  creation  and  collapse  of  the  temporary  cavity  causes 
changes  in  the  pressure  acting  radially  about  the  wound  channel.  We  also  saw  that 
this  process,  which  requires  a  certain  amount  of  space,  presses  and  stretches  the 
surrounding  tissue,  with  these  effects  becoming  less  marked  as  distance  from  the 
wound  channel  increases.  It  is  therefore  clear  that  the  blood  vessels  and  nerves 
running  along  the  tissue  subjected  to  these  loads  will  also  be  compressed  and 
stretched.  A  pressure  wave  is  created  in  the  blood  vessel  where  the  pressure  is  ap¬ 
plied,  and  is  propagated  in  the  blood  vessel  in  accordance  with  the  laws  of 
haemodynamics.  As  a  result,  pressure  changes  occur  in  blood  vessels  at  points 
remote  from  the  temporary  cavity. 

One  point  should  be  borne  in  mind:  in  terms  of  physical  behaviour,  the  pres¬ 
sure  change  resulting  from  the  sudden  compression  of  the  blood  vessels  can  be 
seen  as  virtually  equivalent  to  a  pulse  wave.  The  velocity  vp  of  the  pulse  wave  is 
approximately  4  m/s  in  the  aorta  of  a  young  person.  In  peripheral  vessels,  vp  is 
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approximately  7  to  12  m/s.  Velocity  vp  increases  with  age.  This  indicates  that  vp  is 
related  to  the  elasticity  of  the  blood  vessels  and  their  radius.  In  general: 


(4.3:7) 


Y-h 


2  -Pr 


[m/s] 


where  Y  is  the  Young's  modulus  of  the  wall  material  [N/mm2],  pf  the  density  of  the  fluid  (blood,  in 
this  instance)  and  r  the  radius  of  the  blood  vessel. 

As  the  Young's  modulus  increases  (i.e.  the  elasticity  and  radius  of  the  blood  vessel 
decrease),  pulse  velocity  vp  increases.  This  should  not  be  confused  with  the  mean 
flow  velocity  Vf  of  the  blood.  When  blood  pressure  is  at  a  maximum,  Vf  in  the 
aorta  is  approximately  0.6  m/s,  which  is  substantially  slower  than  vp.  The  ampli¬ 
tude  of  the  pulse  wave  undergoes  exponential  damping.  After  a  distance  x,  the 
amplitude  A0  has  decreased  to: 

(4.3:8)  A  =  A0-e“k'x,  [N/m2] 


where  k  «  1 . 

As  part  of  a  study  on  the  magnitude  of  the  traumatic  effects  on  persons  wearing 
body  armour,  Sellier  and  Wehner  (unpublished)  measured  the  pressure  in  the 
aortas  of  cadavers  when  bullets  strike  the  outside  surface  of  body  armour  and  de¬ 
form  the  chest  wall  without  penetrating.  They  measured  pressures  in  the  aorta  of 
between  0.1  bar  (22  L.R.)  and  0.5  bar  (45  Auto).  See  Fig.  4-28.  In  comparing 
these  values,  one  should  bear  in  mind  that  the  lungs,  being  filled  with  air,  prevent 
the  amplitude  from  rising  further. 


4. 3. 2. 5  The  effects  of  pressure  pulses  on  blood  vessels 

Blood  vessels  can  be  damaged  in  either  of  two  ways.  They  can  suffer  internal 
damage  through  excessive  stretching  (tearing  of  the  intima  or  damage  to  the  mus¬ 
cles  of  the  blood  vessels)  without  any  direct  blood  loss  occurring  (this  damage  can 
be  demonstrated  histologically,  see  Rich  1968b,  Rich  et  al.  1967  and  Amato  et 


Fig.  4-28.  Pressure  in  the  aorta 
following  after  a  bullet  strikes  a  chest 
protected  by  body  armour.  Bullet:  45 
Auto.  Oscillations  at  the  start  of  the  curve 
due  to  the  impact.  Pressure  amplitude. 
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al.  1970,  1971).  The  blood  vessel  can  also  tear,  allowing  blood  to  escape.  This  oc¬ 
curs  when  the  vessel  is  subject  to  a  sufficiently  high  load  suddenly,  in  the  area  to 
the  side  of  the  temporary  cavity. 

The  forces  acting  on  the  blood  vessel  depend  both  on  the  distance  from  the 
geometrical  wound  channel  and  on  the  maximum  volume  of  the  temporary  cavity. 
In  turn,  this  volume  is  linked  directly  to  the  energy  Eat/  transferred  from  the 
projectile  to  the  tissue  in  the  area  of  the  shortest  distance  from  the  blood  vessel. 

To  obtain  an  idea  of  the  amount  of  energy  that  must  be  transferred  in  order  to 
tear  a  blood  vessel,  Kneubuehl  conducted  experiments  using  simulated  blood 
vessels  (see  3.3.6). 

The  plastic  tubes  were  embedded  in  gelatine  at  various  depths  and  various  types  and  calibres  of 
bullet  were  fired  into  the  gelatine  in  such  a  way  as  to  pass  by  the  “blood  vessels”  without  touching 
them.  Using  this  approach,  it  was  possible  to  generate  energy  transfer  levels  of  between  30  and 
200  J/cm  adjacent  to  the  blood  vessel. 

Fig.  4-29  presents  the  results.  At  effectiveness  levels  of  less  than  about  100  J/cm, 
the  blood  vessels  were  only  destroyed  by  direct  contact  with  the  bullet.  As  the 
distance  between  the  bullet  track  and  the  blood  vessel  increased,  there  was  a  clear 
increase  in  the  effectiveness  Eab'  required  in  order  to  tear  the  blood  vessel. 
Fig.  4-29  shows  the  approximate  threshold  (dashed  line). 

4.3. 2.6  Bone  fractures  at  locations  remote  from  the  wound  channel 

If  a  bullet  hits  a  bone  directly  and  its  velocity/energy  is  sufficiently  high,  the  bone 
will  break.  We  have  discussed  the  quantitative  aspects  of  this  in  4.2. 

But  even  if  the  bullet  does  not  touch  the  bone  a  fracture  may  occur  if  it  passes 
close  by.  This  is  due  to  the  impact  on  the  bone  of  muscle  displaced  by  the  change 
in  pressure  that  is  induced  by  the  temporary  cavity.  Such  fractures  occur  if  the 
impacting  mass  bends  the  bone  so  far  that  the  maximum  permissible  tensile  stress 
for  bone  ctb  (approx.  90  N/mm2)  is  exceeded  on  the  opposite  side  of  the  bone  to 
that  on  which  the  force  is  applied.  For  this  movement  to  occur,  the  stress  must  act 
on  the  bone  for  a  sufficient  length  of  time. 


Distance  between  wall  of  blood  vessel  and  path  of  bullet  [mm] 


Fig.  4-29.  Tearing  of  blood  vessels  as 
a  result  of  the  pressure  pulse  generated 
by  a  temporary  cavity  as  a  bullet  passes 
to  one  side  of  a  blood  vessel. 

•  Blood  vessel  tom 
▲  Blood  vessel  not  torn 
□  Direct  hit  (distance  from  centre  of 
track  to  blood  vessel  smaller  than 
radius  of  bullet). 
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It  has  been  suggested  that  shock  waves  (as  described  in  4. 3. 2. 2)  can  cause 
fractures.  However,  one  can  readily  show  that  the  duration  of  a  shock  wave  (a  few 
microseconds)  and  the  energy  it  carries  would  not  suffice  to  bend  a  bone  past  the 
maximum  permissible  stress  limit.  Sellier  carried  out  calculations  on  this: 

“If  one  considers  the  measured  or  calculated  amplitude  of  the  shock  wave  acting  on  the  bone,  to¬ 
gether  with  the  energy  density  that  the  shock  wave  can  produce,  there  is  room  for  considerable  doubt 
as  to  whether  a  shock  wave  is  capable  of  breaking  a  bone”.  (Sellier  and  KNEUBUEHL  2001) 

During  experiments  intended  to  demonstrate  bone  fractures  due  to  shock  waves,  it 
is  extremely  difficult  to  separate  the  shock  wave  from  the  pressure  pulse 
chronologically. 

4.3.3  Wound  ballistic  characteristics  of  rifle  bullets 
4.3.3. 1  Bullets  designed  for  military  use 

In  recent  years,  larger  calibres  have  come  into  use  for  military  rifles  and  machine 
guns,  in  addition  to  the  existing  calibres  (5.5  mm  to  8  mm).  These  are  particularly 
popular  for  use  with  long-range  sniper  rifles.  Common  calibres  include  the  338 
Lapua  Magnum  (8.4  mm)  and  the  12.7  x  99  (50  Browning).  Full  metal-jacketed 
bullets  in  these  calibres  behave  in  basically  the  same  manner  as  smaller-calibre 
bullets,  both  in  soft  media  and  on  impact  with  bone  (see  3.2.2). 

Two  differences  are  of  relevance,  however.  The  first  is  the  significantly  higher 
muzzle  energy  (of  between  approx.  6,800  and  16,000  J),  which  ensures  that  such 
bullets  achieve  a  high  degree  of  effectiveness,  despite  their  higher  sectional  den¬ 
sities  (see  Eqn  3.2:18). 

For  cartridges  and  bullets  of  similar  geometry,  sectional  density  increases  linearly  with  calibre. 
Muzzle  energy,  however,  increases  in  proportion  to  the  cube  of  the  calibre  (on  account  of  the  in¬ 
crease  in  volume  of  the  cartridge  case). 

The  second  is  that  these  larger  bullets  have  higher  moments  of  inertia,  which  de¬ 
lays  the  onset  of  yaw.  They  therefore  produce  a  longer  narrow  channel  (see 
Figs  4-30  and  4-31). 

The  Nammo  (Raufoss)  12.7  x  99  Multipurpose  bullet  is  the  subject  of  contro¬ 
versy,  in  terms  both  of  wound  ballistics  and  of  international  law.  This  projectile 


Fig.  4-30.  Channel  of  a  338 
Lapua  Mag.  full  metal-jacketed 
hard-core  bullet  in  soap. 
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was  developed  for  use  against  hard  targets.  In  addition  to  a  tungsten  alloy  core,  it 
includes  an  incendiary  compound  and  explosive  (see  Fig.  4-32).  The  latter  is  trig¬ 
gered  on  impact,  exclusively  by  the  friction  and  heat  resulting  from  deformation. 

As  it  is  also  possible  to  fire  this  bullet  from  sniper  rifles,  one  must  expect  per¬ 
sons  to  be  hit,  and  it  is  perfectly  possible  for  the  explosive  to  detonate  when  this 
happens  (MOOSBERG  2003).  In  such  a  case,  the  bullet  would  possess  an  excep¬ 
tionally  high  wounding  potential,  bringing  it  into  conflict  with  international  law 
(specifically,  the  St  Petersburg  Declaration;  see  7. 3. 2.2). 

Flowever,  bullets  exist  that  contravene  international  law,  but  of  which  the  ef¬ 
fectiveness  corresponds  to  that  of  accepted  full  metal-jacketed  bullets.  For  ballis¬ 
tics  reasons,  precision  bullets  are  crimped  shut  at  the 
tip,  rather  than  the  base.  This  leaves  a  small  hollow  in 
the  tip  (see  Fig.  4-33  a),  which  is  contrary  to  the 
Plague  Convention  of  1899.  Flowever,  the  diameter  of 
the  hollow  is  generally  so  small  that  no  pressure  can 
be  built  up  on  the  lead  core  that  would  cause  the 
bullet  to  mushroom.  There  is  no  visible  difference 
between  the  wound  channel  of  such  a  bullet  and  that 
of  a  full  metal-jacketed  bullet  (see  Fig.  4-33  b).  Flow¬ 
ever,  smaller-calibre  (e.g.  5.56  mm)  versions  of  the 
same  type  of  bullet  are  capable  of  deforming  and  of 
creating  wound  channels  similar  to  those  of  similar 
hunting  bullets.  The  only  way  to  be  certain  as  to  how 
a  bullet  will  behave  is  to  conduct  experiments. 

Tracer  bullets  are  widely  used  by  the  armed 
forces.  The  pyrotechnic  charge  in  the  base  of  the 


Fig.  4-33.  a.  Left'.  Tip  of  a  Sierra  Matchking  308  Winchester  bullet  (7.62  mm  NATO),  b.  Right: 
Channel  created  in  soap. 
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Fig.  4-32.  Structure  of  the 
“multipurpose”  bullet  (from 
Wikipedia). 
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Fig.  4-34.  High  speed  video  recording  of  a 
5.56  x  45  tracer  bullet  in  gelatine. 

Picture  1:  3.75  ms  after  impact.  Pre-ignition 
phase.  Picture  2:  7.5  ms  later.  The  tracer  is 
burning,  the  temporary  cavity  is  in  the  final 
phase  of  collapse.  Picture  3:  65  ms  later,  the 
tracer  is  fully  ignited.  Total  duration  of 
burning:  0.62  s  (frame  rate:  2000  f/s). 


bullet  bums  for  approx.  1  s  and  indicates  the  trajectory  and  point  of  impact  to  the 
firer.  It  is  of  relevance  to  wound  ballistics  that  the  charge  can  burn  with  no 
external  source  of  oxygen  and  therefore  carries  on  burning  until  the  charge  is 
exhausted  even  if  it  comes  to  rest  in  the  body  (see  Fig.  4-34).  If  this  occurs,  severe 
bums  are  to  be  expected  in  the  vicinity  of  the  bullet. 

4. 3.3. 2  Hunting  bullets 

The  requirements  for  a  hunting  bullet  are  just  as  contradictory  as  those  for  a  hand¬ 
gun  bullet  (see  4.2.2. 1).  On  the  one  hand,  as  much  energy  as  possible  should  be 
transferred  to  the  animal  so  that  it  dies  as  quickly  and  painlessly  as  possible.  On 
the  other  hand,  the  bullet  should  be  capable  of  causing  an  exit  wound  so  that  the 
animal  loses  enough  blood  to  enable  the  hunter  to  track  it  if  it  escapes. 

The  design  principle  applied  in  order  to  meet  these  two  contradictory  require¬ 
ments  has  remained  the  same  since  the  beginning  of  the  20th  Century:  a  tip  that 
deforms  slightly  (or  fragments)  and  a  compact,  relatively  heavy  rear  part,  which 
ensures  that  an  exit  wound  is  created.  A  large  number  of  designs  have  been  pro¬ 
duced  along  these  lines,  all  of  which  are  similar  from  a  wound  ballistics  point  of 
view.  Depending  on  the  design  of  the  bullet,  energy  transfer  increases  for  the  first 
3  to  10  cm  of  the  wound  channel  (the  deformation  or  fragmentation  phase),  de¬ 
creasing  (very  approximately  exponentially)  thereafter,  as  sectional  density  re¬ 
mains  the  same  from  this  point  on.  Maximum  effectiveness  is  determined  by  the 
energy  available  and  by  the  increase  in  cross-section.  Fig.  4-35  shows  channels  in 
soap  for  four  different  bullet  designs,  a,  b  and  d  deliver  an  impact  energy  of 
approx.  3300  J,  while  c  delivers  approx.  3500  J.  As  with  handgun  bullets,  it  is  ap¬ 
parent  that  the  bullet  made  of  copper  alloy  (d)  deforms  substantially  faster  than 
those  of  conventional  jacket/core  design.  The  laws  of  physics  dictate  that  greater 
penetration  depth  can  be  achieved  only  at  the  expense  of  reduced  energy  transfer. 

As  we  saw  in  3. 2. 4. 2  in  our  discussion  concerning  full  metal-jacket  and  hand¬ 
gun  bullets,  the  deformation  of  a  bullet  depends  to  a  high  degree  on  its  impact 
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Fig.  4-35.  Channels  created 
by  various  hunting  bullets: 

a.  308  Win.  RWS  cone-point 
bullet. 

b.  7  x  64  Brenneke  TIG 

c.  30-06  Brenneke  TOG, 

d.  308  Win.  Brenneke  TAG. 


b 


ip 

to  cm 


velocity/energy.  As  far  as  hunting  bullets  are  concerned,  we  can  take  the  RWS 
cone-point  bullet  as  an  example.  In  the  vicinity  of  the  muzzle  (at  approx.  830  m/s) 
this  bullet  produces  the  channel  shown  in  Fig.  4-35  a.  At  a  lower  velocity 
(100  m/s  lower,  at  a  range  of  100  m),  the  bullet  penetrates  slightly  further,  creat¬ 
ing  a  cavity  with  a  smaller  diameter  (Fig.  4-36  a).  At  approx.  645  m/s  (at  a  range 
of  200  m),  deformation  is  already  delayed  substantially,  and  after  the  bullet  has 
penetrated  to  a  depth  of  approx.  20  cm,  the  channel  expands  for  a  second  time, 
probably  because  the  orientation  of  the  now-deformed  bullet  has  changed  (see 
Fig.  4-36  b).  At  an  impact  velocity  of  603  m/s  (at  a  range  of  250  m),  the  bullet  no 
longer  deforms  at  all,  creating  a  channel  like  that  of  a  very  stable  full  metal-jack¬ 
eted  bullet  (see  Fig.  4-36  c  and  cf.  Figs  3-28,  3-29  and  3-30).  The  effect  of  veloc¬ 
ity  on  deformation  must  be  taken  into  account  in  a  hunting  context. 

4. 3.3. 3  Shot  and  slugs 

Shotguns  -  weapons  with  smooth,  unrifled  barrels  -  are  in  principle  designed  to 
fire  cartridges  containing  shot  (see  2.2.2. 2).  These  cartridges  contain  lead  or  soft 
iron  pellets,  all  of  the  same  diameter,  their  number  depending  on  the  capacity  of 
the  cartridge  case.  Pellets  are  available  in  sizes  ranging  from  1  mm  to  9  mm.  Ty¬ 
pical  diameters  lie  between  2  mm  and  4  mm. 
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Fig.  4-36.  Relationship  between 
channel  and  impact  speed,  taking 
the  RWS  cone-point  bullet  as  an 
example: 

a.  v  =  729  m/s,  d  =  approx.  100  m 

b.  v  =  644  m/s,  d  =  approx.  200  m 

c.  v  =  603  m/s,  d  =  approx.  250  m. 


Shot.1  From  a  wound  ballistics  point  of  view,  an  individual  pellet  can  be  treated 
as  if  it  were  a  preformed  spherical  fragment  (see  3. 2. 2. 3).  The  diameter  of  the 
wound  channel  decreases  exponentially  and  the  greatest  damage  potential  is  im¬ 
mediately  after  entry.  Penetration  depth  depends  on  impact  velocity  and  sectional 
density,  and  hence  on  pellet  diameter.  This  parameter  can  be  estimated  to  a  good 
degree  of  accuracy  (see  4. 4. 2. 4). 

At  very  short  ranges  (less  than  about  5  m)  the  shot  sheaf  is  still  quite  compact 
and  can  cause  a  large  entry  wound,  surrounded  by  wounds  caused  by  individual 
pellets  (see  Fig.  4-37).  The  diameter  of  the  scatter  can  be  used  to  estimate  the 
range.  In  doing  so,  however,  one  must  take  care  to  use  the  same  ammunition  and 
barrel  type  (cylindrical  or  choke),  as  these  factors  affect  scatter  considerably  (see 
Fig.  4-38). 


Fig.  4-37.  Shotgun  wound  to  the  chest  under 
the  left  armpit,  close  range. 


)  For  a  comprehensive  discussion  of  shotgun  wounds,  see  Gunshot  Wounds  (V.  J.  M.  Dl  Maio, 
1999).  See  bibliography. 
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zyl.,  2.5  m  Choke,  2.5  m 


zyl.,  4.5  m 


Choke,  4.5  m 


Fig.  4-38.  Distribution  of 
2.41  mm  shotgun  pellets  at 
short  ranges: 

Left.  Cylindrical  barrel. 
Right:  Full  choke. 

The  squares  measure  25  cm 
by  25  cm. 


Shotgun  slugs.  The  slug  was  developed  in  order  to  give  a  hunter  armed  with  a 
shotgun  the  advantages  of  a  single,  heavy  projectile.  For  reasons  of  interior  ballis¬ 
tics,  the  mass  of  a  slug  must  be  similar  to  that  of  a  shot  load  or  less.  This,  together 
with  the  large  calibre  of  a  shotgun  barrel,  means  that  a  slug  has  a  relatively  small 
sectional  density. 

The  sectional  density  of  a  12/70  Brenneke  slug  (31.5  g)  is  only  0.121  g/mm2,  which  is  less  than 
that  of  a  9  mm  Luger  bullet  (0. 125  g/mm2). 

The  combination  of  high  muzzle  energy  (2750  J  in  the  case  of  a  12/70)  and  low 
sectional  density  give  shotgun  slugs  a  high  degree  of  effectiveness.  These  projec¬ 
tiles  (which  are  generally  blunt)  generally  fly  stable  in  a  dense  medium  due  to 
shoulder  stabilization,  giving  a  straight,  tapered  wound  channel  similar  to  that  of  a 
fast,  heavy  fragment  (see  Fig.  4-39).  Other  slugs,  such  as  the  Balle  Blondeau,  give 
very  similar  results. 


Fig.  4-39.  Channel  of  a  12/70  Brenneke  slug  in  soap.  Diameter  of  entry 
wound:  approx.  10  cm.  Total  penetration:  68  cm. 
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4.4  Wound  ballistics  of  fragments 

4.4.1  General 

4.4. 1. 1  Frequency  of  fragment  wounds 

Fragments  are  still  the  most  common  cause  of  wounds  in  armed  combat.  At  one 
time,  they  were  virtually  unknown  in  the  field  of  forensics.  Today,  however, 
fragment  wounds  are  becoming  increasingly  frequent  in  the  civilian  sphere  as  a 
result  of  attacks  or  accidents  involving  bombs  and  hand  grenades. 

As  a  result  of  developments  in  weapon  technology  and  military  tactics,  the 
relative  percentages  of  bullet  and  fragment  wounds  have  changed  over  time.  In 
the  1 9th  Century,  bullet  wounds  were  more  common,  as  the  only  sources  of  frag¬ 
ments  were  grenades  filled  with  black  powder,  and  the  risk  of  being  hit  by  frag¬ 
ments  from  one  of  these  was  not  particularly  high.  This  began  to  change  in  the 
First  World  War,  with  the  percentage  of  fragment  wounds  reaching  a  peak  of  90% 
in  the  Korean  War. 

It  was  the  high  risk  of  fragment  injuries  that  led  to  the  invention  of  the  flak  jacket  during  that  war. 

In  the  1960s  (during  conflicts  such  as  Borneo  and  Vietnam),  bullets  once  again 
accounted  for  the  majority  of  injuries.  This  may  be  related  to  the  nature  of  jungle 
warfare.  The  latest  data  from  the  International  Committee  of  the  Red  Cross 
(ICRC)  indicate  that  fragments  are  once  again  by  far  the  most  common  cause  of 
injuries. 

One  should  always  examine  wound  statistics  critically,  as  they  are  often  subject  to  unintentional, 
systematic  fonns  of  error.  The  figures  generally  reflect  the  numbers  of  casualties  treated  rather 
than  the  numbers  of  soldiers  injured.  Because  fragment  wounds  are  much  less  likely  to  be  lethal 
than  are  bullet  wounds,  one  can  not  draw  conclusions  regarding  percentages  of  bullet  and  fragment 
wounds  from  the  numbers  of  cases  treated. 

Ganzoni  (1975)  includes  an  excellent  overview  of  the  percentages  of  wounds  ac¬ 
counted  for  by  different  causes  in  armed  combat  over  a  period  of  100  years  (see 
Table  4-18). 

4.4.1. 2  Wounds  caused  by  fragments  and  similar  projectiles 

Fragment  wounds  have  a  clear  pattern  (see  3.2. 2. 3).  The  most  striking  character¬ 
istic  is  that  the  wound  is  largest  at  the  point  of  entry,  becoming  progressively 
smaller  as  the  projectile  penetrates  the  body. 

This  is  because  fragments  are  often  roughly  spherical  in  form,  in  that  all  points 
of  the  surface  are  at  about  the  same  distance  from  the  centre  of  gravity.  Fragments 
adopt  a  position  perpendicular  to  their  direction  of  travel  very  rapidly  after 
impact,  as  they  have  no  stabilizing  mechanism,  and  pass  through  tissue  oscillating 
about  this  position. 
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Table  4-18.  Percentages  of  wounds  caused  by  bullets  and  fragments  in 
(from  GANZONI  1975) 

conventional  warfare 

Bullets 

Fragments 

Source 

Austro-Prussian  War,  1 866  Prussians 

79 

16 

BERNDT  (1897) 

Austrians 

90 

3 

Berndt(1897) 

Franco-German  War,  1870-1871  Germans 

70 

25 

Berndt  (1897) 

French 

94 

5 

Berndt  (1897) 

First  World  War  (British) 

39 

61 

Matheson  (1968) 

Second  World  War  (British) 

10 

85 

Matheson  (1968) 

Korea  1950-1951  (USA) 

7 

92 

Matheson  (1968) 

Borneo  1963  1965  (British) 

90 

? 

Matheson  (1968) 

Vietnam  1965-1966  (USA) 

52 

44 

Matheson  (1968) 

Vietnam  1967  (USA) 

49 

50 

Rich  (1967) 

Vietnam  1971  (USA) 

40 

? 

Byerly  (1971) 

The  difference  between  the  total  and  100%  is  accounted  for  by  other  wounding  mechanisms. 


Sectional  density  remains  approximately  constant,  whether  the  projectile  is 
spherical  or  elongated.  This  means  that  the  retardation  constant  of  Eqn  3.1:1  can 
also  be  assumed  as  constant.  That  being  so,  the  energy  of  the  projectile  decreases 
exponentially,  causing  the  volume  of  the  temporary  cavity  to  do  likewise. 

There  are  special  cases  of  stabilized  fragments.  A  spin-stabilized  shell,  especially  in  the  range  of 
20  to  40  mm,  may  release  its  base  on  detonation  in  the  form  of  a  single  fragment  subject  to  the  full 
rotation  of  the  shell.  This  fragment  may  fly  like  a  discus  for  some  considerable  distance,  often  in 
the  opposite  direction  to  the  direction  of  travel.  If  such  a  fragment  enters  the  body,  it  causes  an 
entry  wound  in  the  shape  of  a  slit  and  maintains  its  pre-impact  orientation. 

Handgun  and  rifle  bullets  that  have  been  caused  to  tumble  by  striking  an  object 
behave  in  a  manner  very  similar  to  that  of  a  heavy  fragment  when  they  strike  the 
body.  They  turn  perpendicular  to  their  direction  of  travel  immediately  on  penetra¬ 
tion  and  move  through  the  body  in  that  position,  with  sectional  density  remaining 
virtually  constant.  Ricochets  therefore  cause  injuries  very  similar  to  those  of 
heavy,  high-energy  fragments. 

This  also  applies  to  deforming  bullets  and  fragmentation  bullets  that  are  unable  to  deform  on  im¬ 
pact  because  of  the  large  angle  of  incidence  and  likewise  adopt  a  position  perpendicular  to  their 
direction  of  travel.  There  is  no  difference  between  their  behaviour  and  that  of  a  full  metal-jacketed 
bullet  that  has  ricocheted. 

If  a  deforming  bullet  undergoes  deformation  as  a  result  of  passing  through  a  body 
and  then  enters  a  second  body,  it  will  behave  like  a  fragment  and  cause  the  corre¬ 
sponding  type  of  wound  channel,  assuming  it  still  has  sufficient  energy. 
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4.4.2  Equations  of  motion  and  energy  for  fragments 
4. 4. 2.1  Hypotheses 


For  the  purposes  of  this  discussion,  we  shall  use  the  following  hypotheses  and  as¬ 
sumptions,  which  are  based  on  empirical  experience: 

1.  Fragments  (and  projectiles  in  general)  behave  in  the  human  body  as  they  do 
in  the  simulants  described  in  3.3. 

2.  The  damage  potential  of  a  projectile  at  a  given  position  corresponds  to  the 
energy  transferred  at  that  position. 

3.  The  energy  transferred  at  a  position  x  is  proportional  to  the  energy  of  the 
projectile  at  that  position: 

dF 

(4.4:1)  —  =  -SR-E(x).  [J/m] 

dx 


4.  The  volume  created  in  a  glycerine  soap  is  symmetrical  about  its  longitudinal 
axis  and  is  proportional  to  the  energy  transferred: 


(4.4:2) 


dV(x) 


[m3] 


By  integration  we  obtain  the  following  equation  for  the  total  volume  from 
the  entry  wound  to  a  position  x: 


(4.4:3)  V(x)  =  i.[E.-E(x)], 


[m3] 


where  Ea  is  the  impact  energy  and  E(x)  the  energy  remaining  at  position  x. 


9?  is  the  retardation  coefficient  [1/m])  and  [1  is  a  material  constant  of  the  simulant 
[J/cm3]. 


4. 4.2.2  The  geometrical  form  of  the  wound  channel 

From  Eqns  4.4:1  and  4.4:3  we  obtain  an  inhomogeneous  differential  equation  with 
the  following  solution  as  our  means  of  determining  the  volume: 

(4.4:4)  V(x)  =  i-Ea-(l  -  e'*  *)-  [m3] 

As  long  as  the  wound  channel  is  symmetrical  about  its  longitudinal  axis,  we  ob¬ 
tain  the  following  equation  for  the  total  volume  from  the  entry  wound  to  a  posi¬ 
tion  x: 

V(x)  =  ^•}[d©]2-d^.  [m3] 


(4.4:5) 
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Equating  Eqns  4.4:4  and  4.4:5  and  differentiating,  we  obtain  the  following  expres¬ 
sion  for  the  diameter  d  of  the  wound  channel: 


(4.4:6) 


[m] 


This  is  hence  an  exponential  function  with  negative  exponents,  which  corresponds 
to  the  results  of  experiments  (the  form  of  the  channel  in  soap).  See  Fig.  3-15. 


4. 4.2.3  Equation  of  energy  and  motion 

From  Eqn  4.4:1,  we  obtain  the  following  value  for  the  energy  remaining  after  the 
projectile  has  penetrated  to  a  depth  x: 

(4.4:7)  E(x)  =  E.-e’*'1,  [J] 

and  hence  for  velocity  we  can  write: 

(4.4:8)  v(x)  =  va  •e_rW'x  .  [m/s] 

Differentiating  this  function  and  equating  with  a  fluid  dynamics  approach  to  flow 
resistance  yields  the  following: 

. ,  ,  dv(x)  ,  -f.yr*  „  p  .  ,  1  r 

(4.4:9)  — ^  =  -|-91-va-e2  =  -  CD  •  £  •  v(x)  •  -  .  [s  *] 

dx  2  q 

Where  Cd  is  a  dimensionless  drag  coefficient,  p  is  the  mean  density  of  the  medium  and  q  the  sec¬ 
tional  density  of  the  projectile. 

From  Equations  4.4:8  and  4.4:9  we  obtain  the  following  equation  for  the  retarda¬ 
tion  coefficient  91: 

(4.4:10)  91  =  .  [nT1] 

q 


4.4.2.4  Entry  wound  diameter  and  penetration  depth 

If  we  take  x  =  0  in  Eqn  4.4:6,  we  obtain  an  equation  for  the  diameter  of  the  entry 
wound,  which  can  be  presented  as  follows  with  the  aid  of  Eqn  4.4:10: 


This  equation  also  defines  the  proportionality  number  Xj  [s/m]. 

The  diameter  of  the  entry  wound,  which  is  correlated  with  the  size  of  the  surface 
wound,  is  therefore  proportional  to  the  square  root  of  the  impact  energy  and  the 
reciprocal  of  the  sectional  density. 
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The  model  of  an  exponential  decrease  in  energy  obviously  requires  an  unlim¬ 
ited  penetration  depth  on  the  part  of  the  fragment.  To  bring  the  model  into  con¬ 
formity  with  the  real-life  situation,  a  residual  energy  Estk  is  included,  which  in 
physical  terms  can  be  interpreted  as  the  heat  energy  released  at  the  moment  the 
fragment  comes  to  rest.  If  l  is  the  penetration  depth  of  the  fragment,  and  taking 
account  of  Eqn  4.4:8: 

(4.4:12)  Estk  =  E (f)  =  E.-e'*-*.  [J] 

Using  Eqn  4.4:10,  the  penetration  depth  is  given  by: 

(4.4:13)  t  =  -9—  -log -5s-  =  f-log^.  [m] 

Cd  '  P  Estk  k2  Estk 

This  equation  also  defines  the  proportionality  number  X2. 

Penetration  depth  is  therefore  proportional  to  the  sectional  density  and  to  the  loga¬ 
rithm  of  the  impact  energy. 

From  Equations  4.4: 1 1  and  4.4: 12  we  obtain  the  following  equation  for  the  re¬ 
lationship  between  and  k\\ 

(4.4:14)  =  ~p-^.  [kg/m3] 


4.4.3  Experimental  verification  of  the  models 

4.4.3.1  Method 

From  Flypothesis  1  (4.4.2. 1)  we  can  verify  the  models  using  soap  and  gelatine. 
This  involves  determining  the  mass  and  sectional  density  of  the  fragment  and 
measuring  its  impact  energy  and  penetration  depth  and  the  diameter  of  the  entry 
hole. 

In  calculating  the  sectional  density  of  a  spheroid  fragment  we  take  its  mean  face  area  which,  ac¬ 
cording  to  an  approximation  from  geometry,  corresponds  to  !4  of  the  total  surface.  The  mean  face 
area  of  a  cube  is  hence  1.5-b2  (where  b  is  the  length  of  one  edge)  and  that  of  the  sphere  %  k2 
(where  k  is  the  diameter  of  the  sphere). 

Using  the  relationships  already  derived,  we  balance  the  measured  values  using 
regression.  The  correlation  coefficient  also  gives  an  indication  as  to  the  reliability 
of  the  model  chosen. 

4.4.3. 2  Entry  wound  diameter 

To  penetrate  a  medium,  a  projectile  needs  a  certain  minimum  energy.  If  it  strikes 
the  surface  of  the  medium  with  less  energy  than  this  minimum,  it  will  not  pene¬ 
trate.  This  threshold  energy  Ead  does  not  appear  in  the  model  above,  as  the  model 
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Fig.  4-40.  Relationship 
between  impact  energy, 
sectional  density  and  the 
diameter  of  the  entry  hole 
(for  steel  and  tungsten 
spheres  and  cubes). 


applies  only  to  projectiles  that  have  penetrated  the  medium.  We  must  therefore 
add  Ead  to  Eqn  4.4: 1 1  as  follows: 


(4.4:15) 


[m] 


From  this  equation  we  can  derive  the  following  linear  regression: 

(4.4:16)  d’-q  =  X\  •  Ea  -  •  Ead  .  [kg] 


If  we  substitute  pairs  of  values  for  Ea  and  do  then  we  obtain  7,\  from  the  gradient 
and  Ead  (with  the  known  value  of  7.|)  from  the  axis. 

Analysis  of  26  shots  using  spheroid  and  cuboid  fragments  of  various  masses 
(0.13  to  1.04  g)  and  materials  (steel  and  tungsten)  yielded  a  value  of  0.00946  s/m 
for  7.1  and  4.15  J  for  Ead.  The  correlation  coefficient  was  0.944.  Fig.  4-40  shows 
the  individual  values  and  the  best-fit  line. 

For  a  wide  range  of  fragment  shapes,  masses  and  materials,  the  following  for¬ 
mula  allows  us  to  estimate  the  diameter  of  the  entry  hole: 


(4.4:17) 


0.95 

v/q 


•VEa-  4.15  . 


[cm] 


The  relationship  set  out  in  Eqn  4.4:16  also  applies  to  fragments  with  higher  levels 
of  energy.  Older  measurement  results  obtained  with  higher  energy  levels  were 
used  for  the  best-fit  exercise  in  Fig.  4-41,  with  correlation  being  surprisingly 
good. 

Fitting  the  line  to  the  full  set  of  measurement  results  does,  however,  give  somewhat  different  val¬ 
ues  in  the  lower  energy  range. 
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Fig.  4-41.  As  in  Fig.  4-40,  but 
range  extended  to  approx. 

5000  J. 


4.4.3. 3  Penetration  depth 


Rearranging  Eqn  4.4:12  we  obtain: 


(4.4:18)  logEa  =  X2  •  -  •  logEstk  .  [-] 

q 

A  best-fit  line  obtained  using  this  equation  pairs  of  f/q  and  Ea  values  from  meas¬ 
urements  reveals  an  almost  linear  relationship  between  Estk  and  Ea.  As  X2  and  f  1 
are  also  related  (see  Eqn  4.4:14),  we  can  also  write: 

-x2A 

(4.4:19)  Estk  =  y  •  Ea  +  5  =  Ea  •  e  »  .  [J] 


This  gives  us  an  equation  for  penetration  depth  that  includes  just  impact  energy, 
sectional  density  and  the  parameters: 


(4.4:20) 


[m] 


From  Eqns  4.4:8  and  4.4:10,  the  residual  energy  of  a  fragment  that  has  penetrated 
a  distance  x  is  given  by: 

-if  ± 

(4.4:21)  E(x)  =  Ea-e  q  .  [J] 


Analysis  of  the  experiments  conducted  by  JEANQUARTIER  (1996a)  yields  the  va¬ 
lues  shown  in  Table  4-19. 


Table  4-19.  Coefficients  for  (4.4:18)  to  (4.4:21) 


Parameter 

Unit 

Spheroid 

Cuboid 

\2 

[kg/m3] 

377.8 

390.0 

Y 

[-] 

0.011 

0.050 

5 

[J] 

1.03 

1.33 
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Fig.  4-42.  Penetration 
depth/ sectional  density 
(indicated  as  B)  as  a 
function  of  impact  energy. 
Spheroid  fragments. 
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Fig.  4-43.  Penetration 
depth/sectional  density 
(indicated  as  B)  as  a 
function  of  impact  energy. 
Cuboid  fragments. 


Figs  4-42  and  4-43  show  the  corresponding  best-fit  curves  for  the  measurements 
(penetration  depth  as  a  function  of  sectional  density). 

4.4.3.4  Comparison  with  other  studies 

If  we  compare  the  values  from  Eqn  4.4:20  and  Table  4-19  with  the  results  of 
gelatine  experiments  we  obtain  sufficiently  close  correlation  for  the  purposes  un¬ 
der  discussion.  A  test  using  6.35  mm  steel  spheres  (see  Charters  1976)  yields  a 
difference  of  7%,  for  instance. 

Fackler  et  al.  (1986)  conducted  experiments  using  6  mm  steel  spheres  at 
higher  energy  levels  (400  to  1000  J).  Flere,  however,  the  difference  between  the 
calculated  and  measured  values  is  greater.  This  is  mainly  because  the  best-fit  cal¬ 
culation  above  is  based  on  points  that  lie  relatively  close,  which  means  that  ex¬ 
trapolation  is  always  critical.  However,  if  we  summarize  the  results  from 
Fackler  et  al.  (1986)  and  Jeanquartier  (1996a),  they  can  be  fitted  onto  a  single 
curve  using  the  model  above  to  a  high  degree  of  correlation  (r  =  0.92),  with  com- 
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parable  results  (^2  =  395,  Estk  =1.4  J).  The  lower  value  for  residual  energy  could 
be  linked  to  the  use  of  gelatine. 

In  the  same  study,  Fackler  also  describes  experiments  using  short  cylinders, 
which  clearly  confirm  the  hypothesis  of  a  maximum  penetration  depth  (in 
accordance  with  Fig.  4-43)  at  increasing  impact  energy. 

4. 4.3. 5  Applications 

A  number  of  practical  applications  arise  from  these  relationships,  both  for  foren¬ 
sics  and  for  military  purposes. 

As  fragments  generally  remain  in  the  body,  it  is  possible  to  estimate  impact  en¬ 
ergy  from  the  diameter  of  the  entry  wound,  the  penetration  depth  and  the  mass  of 
the  fragment  (and  hence  its  sectional  density)  using  Eqns  4.4:15  and  4.4:20.  This 
in  turn  makes  it  possible  to  reconstruct  the  trajectory  and  hence  to  determine  the 
approximate  area  from  which  a  fragment  came,  as  long  as  the  shell  or  grenade 
type  is  known.  Where  a  fragment  has  passed  through  the  body,  it  is  possible  to 
make  an  estimate  of  the  impact  energy  using  the  diameters  of  the  entry  and  exit 
wounds  and  the  length  of  the  wound  channel,  although  such  estimates  are  subject 
to  a  high  degree  of  uncertainty. 

For  military  purposes,  one  can  build  these  analytical  equations  into  vulnerabil¬ 
ity  models;  these  can  be  used  for  effectiveness  and  hazard  studies,  for  instance. 


4.5  “Non-lethal”  projectiles 

4.5.1  General 

When  the  police  and  special  military  units  are  maintaining  law  and  order,  they 
often  require  a  means  of  placing  a  criminal  hors  de  combat  as  rapidly  as  possible 
(ideally  instantaneously)  from  a  certain  distance.  Serious  damage  to  health  and 
life-threatening  injury  are  to  be  avoided  as  far  as  possible.  These  so-called  “non- 
lethal”  or  “less-than-lethal”  means  use  chemicals  (such  as  tear  gas  or  pepper 
spray),  electromagnetic  technology  (electromagnetic  fields,  lasers  or  bursts  of 
high-frequency  electricity)  or  mechanical  force  (pressure  pulses,  acoustic  shock  or 
kinetic  energy). 

Wound-ballistic  issues  arise  almost  exclusively  in  connection  with  the  use  of 
kinetic  energy.  We  shall  therefore  restrict  our  discussion  to  projectiles  that  act  di¬ 
rectly  on  the  body  by  means  of  kinetic  energy.  Serious  physical  injury  can  be  ex¬ 
cluded  only  if  the  projectile  does  not  penetrate  the  body,  or  else  penetrates  only  by 
a  very  few  centimetres.  This  means  that  either  the  sectional  density  (i.e.  mass  and 
impact  surface)  and  impact  energy  must  be  such  that  the  penetration  threshold  is 
not  crossed,  or  the  penetration  depth  does  not  exceed  the  safety  limit  (see 
Eqn  4.4:20). 
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4.5.2  Projectile  design 

4. 5. 2.1  Projectiles  with  low  sectional  density 

It  is  only  possible  to  reduce  sectional  density  by  either  reducing  the  mass  of  the 
projectile  or  increasing  its  calibre  without  increasing  the  mass  to  compensate.  A 
very  low  projectile  mass  (or  sectional  density)  allows  a  higher  muzzle  velocity. 
However,  this  does  mean  accepting  a  large  decrease  in  velocity  and  energy  over 
the  trajectory  of  the  projectile. 

One  extreme  case,  in  ballistics  terms,  is  the  bullet  used  in  9  mm  Luger  PT  (plastic  training  ammu¬ 
nition),  which  weighs  only  0.39  g.  It  should  be  pointed  out,  however,  that  this  ammunition  is  not 
intended  for  a  “non-lethal”  role.  Despite  its  muzzle  velocity  of  approx.  1000  m/s  (energy:  195  J, 
energy  density:  3.06  J/mm2)  this  bullet  is  no  longer  able  to  penetrate  the  skin  at  ranges  of  over 
about  30  m,  and  does  not  penetrate  the  eye  at  ranges  over  36  m. 

The  large  drop  in  energy  over  the  trajectory  means  that  the  bullet  must  have  a 
fairly  high  muzzle  energy  if  it  is  to  be  usable  at  a  given  range.  As  a  result,  the  en¬ 
ergy  density  of  the  bullet  over  the  first  part  of  its  trajectory  is  many  times  higher 
than  the  “non-penetration”  threshold.  At  the  same  time,  the  bullet  becomes  inef¬ 
fective  a  short  distance  after  its  energy  density  has  dropped  below  that  threshold. 
The  minimum  safe  distance  and  the  maximum  effective  distance  are  very  close 
together  in  most  cases,  requiring  the  user  to  estimate  range  very  accurately. 

The  effectiveness  of  a  bullet  with  low  sectional  density  depends  to  a  large  ex¬ 
tent  on  the  clothing  worn  by  the  target.  Even  a  single  layer  of  cloth  significantly 
increases  the  minimum  energy  required  to  create  an  open  wound.  Heavy  winter 
clothing  can  easily  increase  the  minimum  energy  required  several  times  over. 

Because  of  this,  some  “non-lethal”  ammunition  is  produced  with  two  or  more  muzzle  energy  lev¬ 
els  for  use  with  targets  wearing  different  amounts  of  clothing. 

These  characteristics  are  common  to  all  light  projectiles.  Nor  is  it  possible  to 
change  them  by  increasing  the  calibre.  However,  larger  calibres  to  transfer  signifi¬ 
cantly  more  energy  to  the  body,  if  they  reach  the  threshold  mentioned,  on  account 
of  their  larger  surface  area.  They  are  therefore  held  to  be  more  effective. 

Most  projectiles  of  low  sectional  density  are  made  of  rubber  or  plastic.  Calibres 
range  from  18  mm  to  almost  60  mm.  Examples  include  the  35  mm  MR-35  Punch 
made  by  Manurhin  (Fig.  4-44,  Kneubuehl  1993,  SCHYMA  and  SCHYMA  1997b). 
Table  4-20  summarizes  the  ballistic  data  for  a  number  of  typical  projectiles. 

4. 5.2.2  Expanding  bullets 

These  are  bullets  so  designed  that  the  cross-sectional  area  expands  after  the  bullet 
leaves  the  muzzle,  thereby  reducing  the  sectional  density.  If  this  happens 
immediately  after  the  bullet  leaves  the  muzzle,  it  behaves  as  described  at  4. 5.2.1. 
If  deformation  only  occurs  on  impact,  the  sectional  density  can  be  kept  relatively 
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Fig.  4-44.  MR-35  Punch,  35  mm  self- 
defence  weapon.  The  weapon  is  made 
mainly  out  of  plastic  and  has  a  five- 
round  magazine. 


high.  This  reduces  the  amount  of  energy  lost  in  flight  and  increases  the  effective 
range. 

It  does  take  a  certain  amount  of  time  for  a  bullet  do  deform  after  impact,  and  during  this  time  it  is 
already  penetrating  the  body. 


Table  4-20.  Ballistic  data  for  a  number  of  “non-lethal”  projectiles  of  low  sectional  density 


Type 

12-bore,  sphere 

12-bore,  sabot 

MR-35  Punch 

Flash  Ball 

Fig.  4-45 

Fig.  4-46 

Fig.  4-47 

0 

[mm] 

18 

18 

35 

44 

Mass 

[g] 

4.6 

5.8 

21.5 

30 

q 

[g/mm2] 

0.0181 

0.0228 

0.0224 

0.0197 

E 

E' 

E 

E' 

E  E' 

E 

E' 

[m] 

[J] 

[J/mm2] 

[J] 

[J/mm2] 

[J]  [J/mm2] 

[J] 

[J/mm2] 

Distance 

0 

243 

0.955 

42 

0.164 

187  0.195 

198 

0.130 

10 

156 

0.611 

34 

0.134 

154  0.160 

160 

0.105 

20 

110 

0.434 

28 

0.109 

128  0.133 

129 

0.085 

30 

82 

0.324 

23 

0.089 

106  0.110 

105 

0.069 

40 

63 

0.247 

19 

0.073 

88  0.091 

85 

0.056 

50 

49 

0.192 

15 

0.060 

73  0.076 

69 

0.046 

Key: 

q:  Sectional  density 

E: 

Energy 

E':  Energy  density 

Fig.  4-45.  Rubber  sphere, 
12-bore.  Diameter  approx. 
18  mm. 


Fig.  4-46.  Projectile  of  the  Fig.  4-47.  44  mm  Flash  Ball, 

MR-35  «Punch»,  rubber  hoi-  cartridge  and  solid  lubber 
low  sphere.  Diameter  35  mm.  projectile. 
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Fig.  4-48.  Example  of  an 
expanding  bullet  (SCHIRNEKER). 
Left:  38  Spl  bullet,  unfired,  seen 
from  behind. 

Right:  Bullet  after  undergoing 
expansion  due  to  muzzle  pressure. 
(By  kind  permission  of  the 
manufacturer). 


It  is  possible  to  achieve  an  increase  in  cross-sectional  area  after  the  bullet  has  left 
the  muzzle  by  any  of  the  following  means: 

1  Expansion  due  to  gas  pressure  at  the  muzzle; 

2  Expansion  due  to  centrifugal  force  or  drag; 

3  Expansion  on  impact. 

Option  1.  Bullets  of  this  type  are  hollow,  with  predetermined  breaking  lines 
parallel  to  the  axis,  or  have  slits  in  the  sides.  After  the  bullet  leaves  the  muzzle,  it 
is  forced  apart  by  the  muzzle  gas  pressure  inside  it,  which  increases  its  cross- 
section  and  reduces  its  sectional  density.  Because  it  expands  shortly  after  leaving 
the  muzzle,  the  section  density  of  the  bullet  is  low  (and  drag  is  therefore  high) 
over  the  entire  distance  from  the  muzzle  to  the  point  of  impact.  The  effective 
range  of  such  bullets  is  therefore  limited  to  about  10  m. 

The  SCHIRNEKER  PbHB  38  is  an  example  of  such  a  bullet.  It  includes  six  slits  and  expands  on 
leaving  the  muzzle,  forming  a  six-armed  star  with  a  diameter  of  approx.  65  mm  (see  Fig.  4-48). 

Option  2.  A  small  bag  filled  with  shot  is  inserted  into  the  cartridge  in  place  of  a 
bullet.  The  bag  unfolds  at  a  certain  distance  after  leaving  the  barrel.  The  bag  takes 
on  the  form  of  a  discus,  with  a  substantially  higher  surface  area  and  hence  a  lower 
sectional  density.  However,  the  discus  does  sometimes  strike  the  target  edge  first. 

The  38  Spl  Short  Stop  cartridge  can  be  fired  from  any  38  Spl  or  357  Magnum  revolver.  The  bag 
weighs  4.5  g.  Once  it  has  fully  deployed,  it  forms  a  disc  approximately  2.5  cm  in  diameter  (see 
Fig.  4-49).  Muzzle  velocity  is  approximately  320  m/s,  but  the  velocity  of  the  projectile  falls  rap¬ 
idly  on  account  of  the  high  sectional  density,  to  approx.  185  m/s  at  10  m  and  105  m/s  at  20  m. 


1  . - 

Left:  Unfolded  bag  containing  shot.  Right:  Unfired 
cartridge  consisting  of  a  red  plastic  case  containing  the 
bag  of  shot,  rolled  up. 
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A  similar  12-bore  cartridge  used  to  be  available,  under  the  name  of  “Bean  Bag.”  The  square 
bag  containing  the  shot  weighed  40  g  and  measured  approx.  45x45  mm  once  deployed. 

The  effective  “non-lethal”  range  is  small.  When  the  projectile  has  just  left  the  bar¬ 
rel  and  has  not  yet  deployed  (and  its  sectional  density  is  still  high)  it  is  capable  of 
penetrating  the  body,  with  life-threatening  results.  At  greater  ranges  (i.e.  over 
10  m)  it  has  lost  so  much  velocity  that  it  can  no  longer  achieve  the  intended  effect. 

Option  3.  This  type  of  projectile  generally  consists  of  a  soft,  deformable  case, 
filled  with  granules  or  a  powder.  The  idea  is  that  the  projectile  flattens  on  impact, 
increasing  its  surface  area. 

Examples  include  the  56  mm  Bliniz  projectile.  This  consists  of  a  balloon  filled  with  flour  and 
weighing  83  g.  It  has  a  muzzle  velocity  of  60  m/s,  and  hence  a  muzzle  energy  of  150  J.  Despite  its 
relatively  high  energy,  the  projectile  does  not  penetrate  unprotected  skin,  as  it  expands  to  a  di¬ 
ameter  of  approx.  100  mm  on  impact  with  a  soft  surface. 

Another  design  uses  a  fragile  plastic  case  filled  with  a  heavy  metal  powder  (e.g. 
bismuth  or  tungsten).  The  case  bursts  on  impact  with  the  body,  releasing  the  pow¬ 
der  and  hence  drastically  reducing  the  sectional  density.  Examples  of  such  designs 
include  the  17.3  mm  projectile  designed  for  the  FN  303  air  rifle  manufactured  by 
FN  Flerstal  (see  Fig.  4-50)  and  Simunition’s  CQP  9  mm  Luger  bullet.  Because  of 
the  time  it  takes  for  these  projectiles  to  expand,  they  penetrate  the  skin  before 
opening  fully,  and  hence  distribute  the  powder  under  the  skin. 

4. 5. 2. 3  Rubber  shot 

Rubber  and  plastic  shot  cartridges  are  available  in  12-bore  shotgun  calibre  and  for 
launchers  in  the  range  40  mm  to  60  mm  (see  Figs  4-51  and  4-52).  Flowever,  the 
two  types  of  cartridge  are  used  differently.  The  shotgun-calibre  cartridges  are  in¬ 
tended  to  affect  a  single  person,  with  several  small  hits,  while  the  launchers  are 
intended  for  use  against  groups,  with  several  persons  being  hit  by  the  contents  of 
one  cartridge. 

The  rubber  of  plastic  projectiles  are  equally  diverse.  Cartridges  in  shotgun  cali¬ 
bres  generally  contain  10  to  15  spheres.  Their  diameter  generally  lies  between 
7  mm  and  8  mm  and  their  mass  between  0.25  g  and  1  g.  Muzzle  velocities  also 
vary,  but  generally  lie  between  250  m/s  and  350  m/s.  Table  4-21  summarizes  the 
ballistic  data  for  two  designs. 


Fig.  4-50.  17.3  mm  projectile  designed  for  the  FN  303  air  rifle.  The 

plastic  casing  is  fdled  with  bismuth  granules.  The  tail  incorporates  a 
container  filled  with  a  glycol,  to  which  a  dye  or  Capsaicin  can  be  added. 
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Fig.  4-51.  12-bore  rubber  shot  cartridge.  Fig.  4-52.  Rubber  shot  cartridge  for 

56  mm  grenade  launcher. 


The  rubber  spheres  in  the  cartridges  for  large-calibre  launchers  are  often  the 
same  as  those  used  as  single  projectiles  in  shotgun  cartridges  (see  Fig.  4-45). 
However,  the  muzzle  velocity  is  generally  much  lower  (around  100  m/s).  At  these 
values,  the  energy  density  E'  is  already  lower  than  the  threshold  of  0.1  J/mnr  at 
the  muzzle.  In  addition  to  spheres,  prismatic  rubber  bullets  are  also  available  for 
law-enforcement  purposes,  with  a  mass  of  10  g  and  a  muzzle  velocity  of  70  m/s. 
The  energy  density  of  such  projectiles  depends  to  a  large  extent  on  its  orientation 
at  the  time  of  impact. 


Table  4-21.  Ballistic  data  for  various  types  of  rubber  shot 


Weapon 

12/70  shotgun 
Fig.  4-51 

12/70  shotgun 

56  mm  launcher 

Fig.  4-52 

57  mm  launcher 

0 

[mm] 

7.2 

8 

18 

18° 

Mass 

[g] 

0.25 

1.0 

4.5 

10 

q 

[g/mm2] 

0.0181 

0.0199 

0.0224 

0.0385 

E 

E' 

E  E' 

E 

E' 

E 

E' 

[m] 

[J] 

[J/mm2] 

[J]  [J/mm2] 

[J] 

[J/mm2] 

[J] 

[J/mm2] 

Distance 

0 

13.2 

0.324 

26.5  0.526 

24.8 

0.097 

24.5 

0.094 

10 

4.4 

0.107 

20.0  0.398 

19.6 

0.077 

15.8 

0.060 

20 

2.1 

0.050 

15.5  0.309 

15.5 

0.061 

10.2 

0.039 

30 

1.0 

0.025 

12.2  0.243 

12.3 

0.048 

6.6 

0.025 

40 

0.5 

0.013 

9.8  0.194 

9.8 

0.038 

4.3 

0.017 

50 

0.3 

0.007 

7.8  0.156 

7.8 

0.031 

2.9 

0.011 

Key.  q:  Sectional  density  E:  Energy  E':  Energy  density 

a  Prism.  Calculation  assumes  end-on  impact. 
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4. 5.2.4  Special  projectiles  for  handguns 


In  addition  to  the  shot  cartridges  mentioned  in  4. 2.2. 3,  which  are  sometimes  (and 
often  wrongly)  described  as  “non-lethal,”  special  ammunition  is  available  for 
handguns  that  is  often  classed  as  “non-lethal.” 

Simunition  produces  the  FX,  9  mm  Luger  and 
38  Sp 1/3 5 7  Mag.  cartridge  for  training  that  in¬ 
volves  two-way  firing  (see  Fig.  4-53).  The  8  mm 
plastic  bullets  used  weigh  0.5  g  or  0.65  g.  They 
contain  a  dye  and  are  designed  to  burst  on  im¬ 
pact.  They  have  a  muzzle  energy  of  approx.  5.6  J 
and  an  energy  density  of  0.11  J/mnr.  Protective 
clothing  is  therefore  essential.  The  training  car¬ 
tridges  are  fired  from  normal  weapons,  and  to 
avoid  the  risk  of  confusion  between  this  ammu¬ 
nition  and  ball,  a  conversion  kit  (with  a  special 
barrel  and  working  parts)  are  required  in  order  to 
fire  the  training  cartridges.  The  CQT  cartridge  (see  Fig.  4-53)  permits  training 
using  targets  without  danger  to  surrounding  structures.  The  same  conversion  kit  is 
used.  At  17  J  (and  an  energy  density  of  0.34  J/mm2),  the  energy  of  this  projectile 
is  substantially  higher  than  that  of  the  FX.  This  ammunition  is  therefore  classed  as 
“less  lethal.” 


Fig.  4-53.  Left:  FX,  right:  CQT 


4.5.3  Wound  ballistics  of  “non-lethal”  projectiles 
4. 5.3.1  Penetrating  projectiles 

General.  We  saw  in  4.1  that  the  effect  of  a  bullet  depends  not  just  on  its  effec¬ 
tiveness  but  also,  to  a  large  degree,  on  the  point  of  impact  and  on  the  path  of  the 
wound  channel  in  the  body.  This  means  that  no  projectile  (with  a  calibre  of  up  to 
13  mm,  or  in  shotgun  calibres)  is  “lethal,”  because  it  can  always  hit  a  person  in 
such  a  way  that  they  survive.  If,  on  the  other  hand,  we  assume  that  the  projectile 
creates  the  most  efficient  wound  channel  in  terms  of  effect  achieved,  then  we 
must  class  almost  every  projectile  as  “lethal,”  because  even  an  airgun  pellet  with 
an  energy  of  just  a  few  Joule  can  cause  a  fatal  injury. 

Clearly,  therefore,  it  only  makes  sense  to  speak  of  projectiles  with  a  low  prob¬ 
ability  of  lethality,  the  exact  probability  remaining  unclear.  That  probability  must 
be  determined  by  those  who  bear  responsibility  for  the  use  of  the  weapon  system 
in  question. 

Given  the  role  for  which  they  are  intended,  these  so-called  “non-lethal”  projec¬ 
tiles  must  not  only  have  no  more  than  a  very  low  probability  of  killing  anyone,  but 
must  also  cause  no  serious  injury,  and  in  particular  no  permanent  injury.  This  ef¬ 
fectively  means  that  there  must  only  be  a  very  low  probability  of  their  doing  so. 
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Fig.  4-54.  A  Bean  Bag  “non-lethal”  12-bore  projectile.  The 
bag  containing  lead  shot  weighs  40  g.  At  5  m,  it  penetrated 
approximately  8  cm  into  soap  (top),  whereas  at  7  m  it 
penetrated  only  approximately  3.5  cm  (bottom). 


As  a  consequence,  the  penetration  depth  of  such  projectiles  must  not  exceed  a 
very  few  centimetres. 

Projectiles  for  handguns  and  shotguns.  The  wound  ballistic  behaviour  of  pro¬ 
jectiles  with  a  low  sectional  density  and  those  that  expand  before  impact  depends 
to  a  large  extent  on  the  distance  to  the  target.  Because  their  sectional  density  is 
low,  these  projectiles  lose  a  larger  amount  of  energy  along  their  trajectories,  and 
this  has  to  be  compensated  for  by  relatively  high  muzzle  energies.  At  short  ranges, 
the  projectile  may  penetrate  too  far,  while  a  few  metres  further  on  it  has  too  little 
energy  to  be  effective.  Fig.  4-54  shows  the  penetration  depths  for  the  first  model 
of  the  12-bore  Bean  Bag  projectile  at  ranges  of  5  m  and  7  m.  The  Short  Stop  38 
cartridge  behaves  in  a  similar  manner  (see  Fig.  4-49). 

Hubbs  and  Klinger  (2004)  report  a  fatal  shooting  in  which  a  22-year-old  man  was  hit  in  the 
breast  by  a  12-bore  Bean  Bag  projectile  at  a  range  of  6.4  m. 

Compact  projectiles  such  as  rubber  spheres  (see  Fig.  4-45  and  Table  4-20,  Col¬ 
umn  1)  often  have  such  high  energy  densities  that  they  cannot  possibly  be  classed 
as  “non-lethal.”  At  short  range,  these  projectiles  are  well  capable  of  causing  fatal 
wounds  (Chowaniec  et  al.  2008). 

Rubber  shot  is  available  in  a  range  of  forms.  The  energy  density  of  the  spheres 
contained  in  one  type  of  cartridge  drops  to  the  threshold  level  at  10  m  (Table  4-21, 
Column  1),  whereas  the  energy  density  of  another  type  (Column  2)  is  1.5  times  as 
high  at  5  times  this  distance.  At  short  distances,  therefore,  projectiles  from  this 
type  of  ammunition  are  therefore  capable  of  penetrating  to  a  substantial  depth,  and 
the  risk  of  death  is  correspondingly  high  (CHOWANIEC  et  al.  2008). 

Large-calibre  projectiles.  Projectiles  designed  for  large-calibre  launchers  (30  mm 
to  60  mm)  are  significantly  less  likely  to  penetrate  the  body  than  shotgun  projec¬ 
tiles,  as  their  energy  density  is  generally  fairly  small,  because  of  their  larger  sur¬ 
face  area.  Flowever,  weapon  systems  with  high  muzzle  energies  (approx.  200  J) 
are  capable  of  breaking  the  skin  and  penetrating  the  body  at  close  range,  or  at  least 
of  causing  large  crush  injuries/lacerations.  Examples  include  the  MR-35  Punch; 
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see  Fig.  4-44  and  Table  4-20,  Column  3.  The  energy  of  such  projectiles  is  in  any 
case  so  great  that  they  can  cause  serious  injury  even  without  penetrating  the  body. 
We  shall  discuss  this  point  further  in  the  next  section. 

4. 5.3.2  Non-penetrating  projectiles 

General.  In  principle,  the  effect  of  non-penetrating  projectiles  on  the  human  body 
belongs  to  the  field  of  the  physics  of  blunt  force  rather  than  to  that  of  wound  bal¬ 
listics.  However,  it  is  worth  mentioning  a  few  points  regarding  these  projectiles  in 
the  context  of  “non-lethal”  projectiles  and  their  potential  effects. 

One  can  assume  that  the  severity  of  a  wound  caused  by  such  a  projectile  will 
depend  mainly  on  the  impact  energy.  Energy  density,  the  thickness  of  the  body 
wall  (skin,  fat,  muscle  and/or  bone)  and  clothing  will  all  play  a  role.  Relatively 
little  is  known  about  thresholds,  partly  because  a  projectile  acts  over  a  much 
shorter  timeframe  than  do  other  sources  of  blunt  force. 

Known  thresholds.  A  study  carried  out  by  the  US  Army  Land  Warfare  Labora¬ 
tory  (Jones  2000)  yields  the  following  orders  of  magnitude: 

-  Impact  energies  of  between  40  and  120  J  can  cause  dangerous  wounds 
(bruises,  abrasions,  broken  ribs,  concussion,  blindness  and  damage  to  organs 
near  the  surface,  such  as  the  liver). 

-  At  energies  over  120  J,  severe  damage  is  to  be  expected,  such  as  severe 
crush  injuries/lacerations,  skull  fractures,  tearing  of  kidneys  or  the  heart  and 
heavy  bleeding. 

Bir  and  STEWART  (2005)  carried  out  experiments  with  the  aim  of  determining  the 
threshold  for  penetration  of  the  skin.  Their  results  indicate  the  energy  densities 
necessary  to  cause  secondary  injuries.  However,  their  values  are  derived  from  ex¬ 
periments  using  fin-stabilized  12-bore  rubber  projectiles.  Calculation  of  the  corre¬ 
sponding  energies  gives  the  following  values: 


Fracture  of  a  rib:  28  to  156  J 

Fracture  of  the  breastbone:  94  J 

Fracture  of  the  shoulder  blade:  146  J 

Tearing  of  the  liver:  104  J 

Penetration  of  a  lung:  153  J 

Damage  to  muscle:  127  to  135  J 


Table  4-22  contains  further  data  regarding  the  relationship  between  certain  pro¬ 
jectiles  (including  balls  and  other  projectiles  used  in  sport),  their  energy  and  the 
injuries  they  have  caused  or  could  cause.  The  data  is  taken  from  a  number  of 
sources. 

Sturdivan’s  equation.  STURDIVAN  was  commissioned  by  the  National  Institute 
of  Law  Enforcement  and  Criminal  Justice  (N1LECJ)  to  develop  a  formula  for  esti- 
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Table  4-22.  Wounding  potential  of  various  projectiles,  balls,  pucks  and  similar 

Projectile 

Energy  [J] 

Wounding  potential 

Source 

Fragment,  approx. 

10  g 

5 

Minimum  mass  required  to  cause  serious 
injury 

(1) 

Falling  golfball 

15 

Not  lethal 

(2) 

38  mm  projectile, 

4.5  kg 

50-70 

Minimum  required  to  cause  concussion, 
fractured  skull,  fractures  of  hollow  bones  or 
internal  injuries  if  victim  hit  in  trunk 

(3) 

38  mm  rubber  or 
plastic  projectile 

250-300 

Significant  risk  of  serious  injury,  little  risk  of 
death 

(4) 

Football 

165 

Fractured  nasal  bone,  concussion 

(5) 

Hockey  ball 

160 

Fracture 

(5) 

Baseball 

150 

Can  be  fatal 

(2) 

Nouss  (puck-like 
projectile  used  in 
Swiss  sport  of 
hornussen) 

62 

Fractured  facial  bones,  black  eye,  crush 
injury/laceration 

(6) 

Tennis  ball 

60 

Minimal  risk 

(2) 

Squash  ball 

20-30 

Severe  black  eye 

(5) 

(1)  NATO  Paper  AC/225  (Panel  VII)  N/19,  dated  10  October  1969. 

(2)  US  Summary  Report  No.  1 192-01(03)ER  on  “Tearspot  Non-Hazardous  40  mm 
Incapacitating  Agent  CS  Munition”  (Contract  DAAA  15-68-C-0078)  CD/L  37553. 

(3)  Edgewood  Arsenal  Technical  Reports  Nos  425 1  and  43 1 9. 

(4)  TCD/TP  4020/612/72  dated  21  March  1972. 

(5)  Details  regarding  the  various  sports  found  on  Internet. 

(6)  KNEUBUEHL  (2001 ).  Homussen  is  a  traditional  Swiss  team  sport. 


mating  the  lethality  probability  of  blunt  force  applied  to  the  thorax  over  the  heart 
or  the  lungs  (U.S.  Congress,  Office  of  Technology  Assessment  1992).  Con¬ 
verted  to  metric  units,  and  taking  energy  as  an  independent  variable,  the  equation 
is  as  follows  (cf.  Eqn  4. 1 :26): 


(4.5:1) 


P(L)  = 


1  +  exp 


'  E  'j 

39. 9192-3. 597-ln 

l<3-dH-dJ_ 

[-] 


Where:  E  =  impact  energy,  mK  =  body  mass  of  victim,  dH  =  thickness  of  body  wall,  d  =  calibre  of 
projectile  (in  m,  kg  and  s). 

Using  this  equation  in  combination  with  exterior  ballistics  calculations,  it  is  possi¬ 
ble  to  present  the  probability  of  death  resulting  from  use  of  a  non-penetrating 
“non-lethal”  projectile,  as  a  function  of  distance.  Fig.  4-55  contains  curves  of  this 
type  for  three  of  the  four  projectiles  listed  in  Table  4-20.  The  fourth  projectile 
yields  very  low  values.  Such  a  diagram  clearly  shows  the  extent  to  which  the  de¬ 
scription  “non-lethal”  does  or  does  not  apply  to  a  particular  projectile. 
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Fig.  4-55.  Probability  of  a  “non- 
lethal”  projectile  from  Table  4-20 
proving  lethal  (STURDIVAN  (from 
Eqn  4.5:1)): 

7:  12-bore  rubber  sphere; 

2:  35  mm  MR-35  Punch; 

3:  44  mm  “Flash-Ball”. 


4.5.4  Dangerosity  of  projectiles 
4. 5.4. 1  Criteria  of  dangerosity 

Unfortunately,  one  often  hears  it  said  that  fragments  and  projectiles  that  are  not 
effective  are  not  dangerous  either.  But  even  if  a  projectile  fails  to  meet  any  of  the 
effectiveness  criteria  mentioned,  it  should  not  be  classed  as  “not  dangerous.”  This 
means  that  in  order  to  describe  the  dangerosity  of  projectiles  we  require  specific 
criteria  based  on  the  effects  they  may  have  on  the  human  body. 

In  the  case  of  rifle  bullets,  handgun  bullets  and  fragments,  one  could  adopt  the 
following  criteria,  for  instance:  A  projectile  (be  it  a  bullet  or  a  fragment)  is  non- 
hazardous  if: 

A  It  is  highly  probable  that  it  will  not  cause  any  injury  to  the  unprotected  hu¬ 
man  body.  This  criterion  applies  to  civilians  not  involved  in  an  incident. 

B  It  is  highly  probable  that  it  will  cause  only  minor  injury  (requiring  no  more 
than  out-patients  treatment).  This  criterion  applies  to  persons  who,  in  the 
execution  of  their  duties,  are  involved  in  an  incident  in  which  firearms  may 
be  used. 

In  order  to  satisfy  Criterion  A,  the  projectile  may  not  penetrate  the  body  and  may 
not  cause  subcutaneous  injury  (bruising).  As  a  consequence,  its  energy  density 
may  not  exceed  the  limits  for  skin  or  eyes. 

According  to  Bir  et  at.  (2005)  the  threshold  for  skin  (0.1  J/mm2)  that  has  been  mentioned  at  a 
number  of  points  is  a  valid  practical  danger  threshold  (probability  of  penetration  <  5  %).  By  con¬ 
trast,  the  limits  for  the  eye  (0.06  J/mm2  for  spheres  and  0.02  J/mm2  for  cubes)  are  mean  values.  A 
projectile  may  only  be  classed  “non-hazardous”  if  it  carries  substantially  less  energy  than  these 
limits  -  approximately  50%. 

Experience  with  Softair  guns  has  shown  that  spheres  with  an  energy  density  of  just 
0.025  J/mm2  are  capable  of  causing  irreversible  eye  injuries. 

A  projectile  can  still  satisfy  Criterion  B  if  it  causes  minor  injury.  This  means  that 
a  projectile  may  exceed  the  threshold  of  0.1  J/mm”,  as  long  as  its  energy  level  is 
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so  low  that  penetration  does  not  exceed  approx.  2  cm.  This  means,  however,  that 
the  maximum  permissible  energy  is  just  a  few  Joule.  It  depends  primarily  on  sec¬ 
tional  density  and  can  be  estimated  using  Eqn  4.4:20,  taking  0.02  m  for  l. 

4. 5.4. 2  Determining  hazard  areas 

The  question  of  the  danger  area  associated  with  fragmentation  ammunition  and 
bombs  is  often  raised  when  assessing  the  safety  of  shooting  ranges  and  the  danger 
to  one's  own  side  when  such  weapons  are  used. 

The  following  points  regarding  fragmentation  grenades  apply  mutatis  mutandis  to  ricochets  and 
stray  bullets  near  shooting  ranges. 

The  energy  and  energy  density  of  a  fragment  can  be  determined  as  a  function  of 
distance  travelled  using  exterior  ballistics  calculations  based  on  initial  velocity 
(the  vector  sum  of  exit  velocity  and  the  velocity  of  the  grenade  or  other  explosive 
device  at  the  time  of  detonation). 

The  exit  velocity  of  a  fragment  is  virtually  independent  of  its  mass.  Exit  veloc¬ 
ity  depends  exclusively  on  the  ratio  of  fragment  mass  to  mass  of  explosive  (Gur¬ 
ney  equations,  see  2.3.6. 1).  However,  light  and  heavy  fragments  lose  quite  differ¬ 
ent  amounts  of  speed  along  their  trajectories.  It  would  therefore  seem  logical  to 
include  fragment  mass  when  determining  dangerosity.  We  can  present  energy  as  a 
function  of  distance  for  various  fragment  masses  in  graphical  form  (see  Fig.  4-56). 
This  presentation  allows  us  to  draw  threshold  curves  for  different  dangerosity 
criteria. 

Fig.  4-56  shows  curves  for  the  mean  threshold  energy  density  of  skin  (0.1  J/mm2)  and  the  eye 
(0.03  J/mm2)  (Criterion  A).  This  graph  also  shows  the  threshold  curve  for  Criterion  B,  i.e.  2  cm 
penetration  in  soap  (dashed  line).  For  very  light  fragments,  this  criterion  leads  to  substantially 
smaller  hazard  distances. 

This  type  of  diagram  (which  has  to  be  drawn  separately  for  each  device)  allows  us 
to  derive  hazard  distance  as  a  function  of  fragment  mass. 

For  instance,  a  0.1  g  cuboid  fragment  with  an  initial  velocity  of  1800  m/s  is  dangerous  at  up  to 
approx.  55  m  according  to  the  0.1  J/mm2  criterion  but  up  to  approx.  72  m  according  to  the 
0.03  J/mm2  criterion(see  Fig.  4-56). 

If  we  also  know  the  distribution  of  fragment  masses  for  a  device  (from  explosion 
tests)  then  for  a  given  surface  (e.g.  a  standing  person)  we  can  calculate  the  prob¬ 
ability  of  a  dangerous  hit  as  a  function  of  distance  from  the  point  of  detonation. 
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4. 5.4.3  Danger  area  for  persons  wearing  protective  equipment 

In  a  similar  manner,  we  can  calculate  danger  areas  for  persons  wearing  protective 
equipment  (helmet,  visor  and  protective  clothing),  together  with  the  probability  of 
penetration.  In  order  to  carry  out  these  calculations,  we  must  first  determine  ex¬ 
perimentally  the  minimum  energy  density  (or  energy)  for  penetration  as  a  function 
of  fragment  mass.  This  involves  determining  the  mean  energy  density  required  to 
penetrate  the  equipment,  together  with  the  corresponding  standard  deviation. 

Whether  or  not  a  projectile  will  penetrate  a  protective  material  (other  than  ceramics  and  glass)  de¬ 
pends  primarily  on  the  energy  density  of  the  projectile.  In  the  case  of  ceramics  and  similar,  vitre¬ 
ous  materials,  the  impact  energy  is  the  deciding  factor. 

Very  light  fragments  constitute  an  exception  to  this  rule,  as  they  can  pass  through  the  weave  of 
woven  protective  materials  at  low  energy  levels. 

Hazard  probability  as  a  function  of  distance  from  the  point  of  detonation  helps 
wearers  of  protective  equipment  (e.g.  those  responsible  for  disarming  bombs  and 
mines)  to  assess  risk  and  hence  also  to  plan  their  work. 
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Fig.  4-56.  Distance/energy  diagram  for  a  cuboid  fragment  with  an  initial  velocity  of  1 800  m/s. 
This  graph  shows  curves  of  the  energy  density  required  to  penetrate  skin  and  of  that  required  to 
cause  eye  damage  (Criterion  A,  grey  lines).  This  graph  also  shows  the  threshold  curve  for 
Criterion  B,  i.e.  2  cm  penetration  in  soap  (dashed  line). 
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Wound  ballistics  and  forensic  medicine 


5.1  Conventional  forensic  medicine 

M.  A.  Rothschild 

5.1.1  General 

Analysing  gunshot  wounds  is  one  of  the  many  roles  of  forensic  medicine.  The 
preceding  chapters  have  shown  clearly  that  the  multiplicity  of  physical  parameters 
and  effects  renders  forensic  analysis  of  such  wounds  quite  complex.  The  short  du¬ 
ration  of  the  processes  involved  (a  bullet  wound  occurs  within  a  few  milliseconds) 
plays  a  decisive  role  here. 

Rather  than  discussing  bullet  wounds  systematically,  in  the  manner  of  a  foren¬ 
sic  textbook,  we  shall  build  on  the  material  contained  in  Chapters  2,  3  and  4,  tak¬ 
ing  a  wound  ballistics  approach.  The  questions  that  guided  the  drafting  of  this 
chapter  were:  How  can  wound  ballistics  help  the  forensic  pathologist  produce  his 
report?  What  can  the  forensic  pathologist  learn  from  wound  ballistics? 

5.1.2  Crime-scene  investigation 

5. 1.2. 1  Bullet  damage  at  the  crime  scene 

The  great  advantage  of  performing  a  forensic  examination  on  a  body  at  the  crime 
scene  (or  at  the  location  where  the  body  is  found)  is  that  a  good  number  of  details 
relevant  to  the  pathologist's  report  will  be  available  on  the  spot.  The  forensic  pa¬ 
thologist's  first  task  will  be  to  gain  an  overview  of  the  situation  at  the  scene  and 
obtain  some  basic  information  from  the  police  to  guide  his  or  her  work.  The  more 
shots  were  fired,  the  more  weapons  were  used  and  the  more  persons  were  killed  or 
injured,  the  more  complex  and  difficult  will  be  the  investigation  and  reconstruc¬ 
tion  process. 

A  visual  inspection  of  the  scene  by  the  forensic  pathologist  will  give  a  first  in¬ 
dication  as  to  whether  a  bullet  may  have  lost  a  relevant  percentage  of  its  energy 
before  hitting  the  target.  This  may  be  indicated  by  damage  to  materials  through 
which  the  bullet  has  passed,  such  as  windows,  doors  or  furniture.  Ricochet  marks 
on  the  floor  or  walls,  for  instance,  are  also  an  important  indicator  of  modified 
bullet  behaviour.  A  bullet  that  has  passed  through  another  medium  or  ricocheted 
off  an  object  before  hitting  the  body  will  not  only  strike  the  body  at  a  lower  ve- 
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locity  but  will  also  in  many  cases  have  undergone  deformation  and  have  struck 
the  body  at  a  greater  angle  of  incidence.  This  will  result  in  an  increased  impact 
area  and  hence  in  a  reduced  sectional  density.  As  a  result,  the  entry  wound  may  be 
irregular  and  the  narrow  channel  significantly  shorter  than  usual,  with  a  dispro¬ 
portionately  large  temporary  cavity. 

If  a  bullet  passes  through  a  person  lying  on  or  leaning  against  a  solid  surface,  it 
may  rebound  into  the  wound  channel  via  the  original  exit  wound  (RESCHELEIT  et 
al.  2001).  It  is  therefore  particularly  important  to  make  a  note  of  marks  indicating 
that  a  bullet  has  rebounded  from  a  wall  or  the  floor.  Damage  of  this  sort  in  combi¬ 
nation  with  bloody  contact  marks  or  smearing  is  a  particularly  strong  indicator  of 
such  a  phenomenon.  This  constitutes  grounds  for  extreme  caution  when  identify¬ 
ing  a  wound  as  an  entry  or  exit  wound  (see  5.1.3). 

When  considering  the  posture  of  the  victim  at  the  time  of  impact,  it  is  often 
wrongly  assumed  that  he  or  she  was  standing  upright,  in  a  fairly  static  position. 
The  situation  in  the  autopsy  room,  where  the  body  is  lying  on  its  back  on  a  table, 
makes  it  all  the  more  tempting  to  assume  this.  However,  if  the  bullet  has  passed 
through  the  abdomen  from  front  to  rear,  the  victim  may  have  been  standing 
upright,  seated,  kneeling,  jumping  or  even  prone.  Even  if  the  wound  channel(s)  is 
or  are  correctly  recorded  at  autopsy,  this  information  alone  does  not  allow  for  reli¬ 
able  reconstruction  of  the  shot(s);  further  information  is  required  regarding  the 
situation  at  the  scene.  The  position  of  the  wound  channel,  of  blood  traces  at  the 
scene  and  of  the  point  at  which  the  bullet  first  struck  another  object  after  passing 
through  the  victim  generally  make  it  possible  to  narrow  down  the  position  of  the 
victim  and  of  the  shooter  at  the  moment  of  the  shot  to  a  reasonable  degree.  If 
more  than  one  bullet  has  passed  through  the  body,  it  may  be  especially  useful  for 
the  forensic  pathologist  to  revisit  the  scene  following  the  autopsy. 

5. 1.2.2  Examination  of  the  body  at  the  scene 

A  visual  inspection  of  the  body  at  the  scene  will  give  the  forensic  pathologist  an 
initial  impression  and  overview.  The  significant  factors  are  the  position  of  the 
body  relative  to  its  surroundings,  its  posture  and  the  state  of  clothing. 

Blood  trickles  can  indicate  the  posture  that  the  victim  adopted  immediately  af¬ 
ter  being  struck  by  the  bullet.  Traces  of  blood  on  the  soles  of  the  feet  or  shoes  in¬ 
dicate  that  the  victim  may  have  been  capable  of  walking  through  blood  on  the 
floor  after  suffering  a  wound  that  caused  bleeding. 

It  is  essential  to  ensure  that  no  projectiles  are  lost  when  turning  the  body  over 
or  placing  it  on  a  stretcher.  It  is  not  unusual  for  a  bullet  to  reach  the  end  of  the 
wound  channel  with  enough  energy  to  exit  the  body  but  not  to  pass  through  all 
layers  of  clothing.  Such  a  bullet  may  slip  out  of  the  clothing  when  the  body  is 
moved  and  may  possibly  be  missed.  This  applies  in  particular  to  examinations 
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conducted  outdoors.  Examination  of  a  body  outdoors  should  be  kept  to  a  mini¬ 
mum,  and  consideration  should  be  given  to  placing  the  body  on  plastic  sheeting. 

Depending  on  the  situation  at  the  scene,  it  may  be  advisable  to  put  individual 
items  of  clothing  to  one  side  before  the  body  is  moved,  in  order  to  protect  any 
traces  of  gunshot  residues. 

5.1. 2.3  Bloodstain  pattern  analysis 

How  much  blood  is  to  be  expected  at  the  scene  depends  on  a  number  of  factors. 
The  entire  system  -  in  particularly  the  ammunition  used  -  will  determine  the  mor¬ 
phology  of  the  entry  wound  and  of  any  exit  wound.  Clothing  and,  above  all,  the 
body  parts/structures  concerned,  have  a  major  effect  on  visible  blood  loss. 

In  the  case  of  contact  shots  and  close  range  shots,  backspatter  (involving  both 
blood  and  tissue)  is  a  well-known  phenomenon,  and  one  of  relevance  to  the  recon¬ 
struction  process.  In  particular,  Karger  et  al.  (1996,  1997)  and  Fackler  (cited  in 
Bevel  and  Gardner  2002)  established  that  this  is  not  a  direct  consequence  of  the 
action  of  the  bullet,  i.e.  that  the  bullet  does  not  expel  this  blood  directly.  High¬ 
speed  photography  showed  that  the  blood  was  not  ejected  from  the  entry  and  exit 
wounds  until  a  certain  time  after  the  bullet  had  emerged  from  the  exit  wound.  The 
acceleration  of  this  backspatter  is  due  to  a  combination  of  factors:  Muzzle  gases 
flowing  out  of  the  powder  gas  cavity,  together  with  the  collapse  of  the  temporary 
cavity,  eject  blood  and  tissue  via  the  entry  wound.  Backspatter  may  therefore  be 
particularly  marked  in  the  case  of  close  range  shots  to  the  head,  as  the  flat  bone 
under  the  skin  favours  the  creation  of  a  gas  cavity. 

In  extensive  experiments  that  involved  firing  9  mm  Luger  bullets  into  calf  heads,  Karger  et  al. 
(1996,  1997)  noted  that  in  the  case  of  contact  and  close  range  shots  blood  emerged  from  the  skin 
approximately  0.7  to  4  ms  after  impact  and  that  the  initial  velocity  of  the  blood  lay  between  10  and 
100  m/s.  Most  of  this  backspatter  was  found  within  50  cm  of  the  entry  wound,  distributed  in  the 
form  of  a  hemisphere.  If  suitable  surfaces  are  present,  it  is  not  unusual  to  find  clouds  of  very  fine 
blood  droplets.  These  may  occur  both  at  the  entry  and  the  exit  wound,  as  the  direct  result  of  the 
action  of  the  bullet,  taking  the  form  of  an  aerosol  of  minute  blood  droplets  (diameter  under 
0.1  mm).  The  very  small  size  of  the  droplets  means  that  they  do  not  travel  very  far  (less  than 
50  cm).  The  larger  backspatter  droplets  (larger  than  0.5  mm)  are  far  less  numerous  and  can  be 
projected  up  to  1.2  or  1.5  m  further.  This  can  give  an  indication  of  the  distance  between  the  part  of 
the  body  concerned  and  the  surface  affected  and,  under  certain  circumstances,  the  position  of  the 
body  (Karger  et  al.  1996,  James  and  Sutton  1998,  Bevel  and  Gardner  2002). 

Other  types  of  tissue  may  be  included  in  backspatter,  such  as  skin,  hair,  subcuta¬ 
neous  fatty  tissue,  muscle  and  bone  fragments.  These  may  leave  traces  at  greater 
distances.  The  wide  variation  in  the  findings  with  regard  to  backspatter  are  reason 
to  be  careful  not  to  over-interpret  their  meaning.  Ultimately,  backspatter  on  an 
object  only  tells  us  that  the  object  must  have  been  near  the  entry  wound  at  the 
time. 

Backspatter  is  of  particular  value  in  determining  who  was  holding  the  weapon 
at  the  time  the  shot  was  fired  (Yen  et  al.  2003).  Together  with  gunshot  residues 
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(which  are  not  always  a  reliable  indicator),  backspatter  may  give  a  first  indication 
at  the  scene.  In  the  case  of  suicides,  backspatter  could  be  found  on  the  victim's 
hand  in  up  to  one  third  of  instances,  the  exact  percentage  depends,  varying  from 
one  investigator  to  another  (Betz  et  al.  1995).  In  the  vast  majority  of  cases,  the 
front  part  of  the  barrel  is  even  closer  to  the  entry  wound  than  the  hand  (except  in 
cases  where  the  other  hand  was  used  to  steady  the  barrel).  As  a  result,  backspatter 
was  found  even  more  frequently  on  and  inside  the  barrel  (Bruning  1934,  STONE 
1987,  1992). 

The  bloodstain  pattern  from  the  exit  wound  is  generally  more  symmetrical  than 
the  pattern  caused  by  backspatter  from  the  entry  wound.  Whether  this  has  to  do 
with  the  position  of  the  temporary  cavity  is  currently  still  unclear. 

A  further  phenomenon  may  occur  when  several  bullet  wounds  lie  close  to¬ 
gether.  If  a  bullet  strikes  the  body  close  to  an  existing  bullet  hole,  the  stretching 
and  shearing  of  tissue  that  accompanies  the  creation  of  the  temporary  cavity  may 
compress  the  blood-filled  wound  channel  and  eject  the  blood  it  contains.  This  of¬ 
ten  results  in  large  spots  of  blood  being  found  a  short  distance  from  the  source. 

From  the  above  points,  it  will  be  clear  that  it  is  impossible  to  predict  the  nature 
and  intensity  of  bleeding  from  entry  and/or  exit  wounds.  As  DlRNHOFER  is  sup¬ 
posed  to  have  said:  “ Every  shot  is  different .”  The  type  of  ammunition  used  affects 
the  morphology  of  the  external  bullet  wound  and  the  creation  of  the  temporary 
wound  cavity.  When  a  projectile  strikes  an  unclothed  part  of  the  body,  it  initially 
ejects  skin  particles  in  the  form  of  a  spray.  A  depression  is  created  in  the  wake  of 
the  bullet,  with  a  vacuum  forming  in  the  wound  channel  as  the  bullet  penetrates 
further.  This  draws  tissue  and  blood  into  the  temporary  cavity  as  it  is  created,  be¬ 
hind  the  bullet.  A  bullet  that  strikes  the  body  in  stable  flight  and  undergoes  only 
minimal  deformation  is  unlikely  to  cause  significant  direct  bleeding.  On  the  other 
hand,  a  bullet  with  a  lower  sectional  density  will  probably  cause  more  intensive 
backspatter,  as  it  will  cause  a  larger  entry  wound. 

From  4. 4. 2. 4,  we  know  that  the  diameter  of  an  entry  wound  is  inversely  proportional  to  the  square 
root  of  the  sectional  density  (as  a  first  approximation). 

If  the  entry  wound  is  in  the  vicinity  of  a  body  cavity,  such  as  the  chest  or  abdomi¬ 
nal  cavity,  one  should  not  necessarily  expect  to  find  any  significant  visible  bleed¬ 
ing,  as  most  of  the  blood  leaving  the  damaged  blood  vessels  can  collect  in  those 
cavities.  Whether  the  blood  exits  the  body  via  a  bullet  wound  under  the  influence 
of  gravity  or  remains  mainly  in  the  body  will  depend  on  the  final  position  of  the 
victim. 

Bleeding  is  likely  to  be  heavier  if  the  bullet  passes  through  the  body  than  if  it 
remains  inside.  Even  so,  the  ammunition  used,  the  type  of  bullet,  its  residual  en¬ 
ergy,  its  orientation  and  its  shape  when  it  leaves  the  body  will  all  have  an  effect, 
as  will  the  body  part/structure  affected  and  the  clothing  worn.  If  the  bullet  leaves 
the  body,  one  can  expect  to  see  bleeding.  If  the  exit  wound  lies  in  the  narrow 
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channel,  one  will  generally  observe  less  direct  bleeding  than  if  the  bullet  leaves 
the  body  when  the  temporary  wound  channel  is  at  its  maximum  diameter. 

Contact  shots  to  the  head  result  in  particular  phenomena.  In  such  cases,  blood 
and  tissue  backspatter  is  often  to  be  found  not  only  on  the  outside  of  the  weapon 
or  on  the  hand  used,  but  also  in  the  barrel.  The  cuffs  of  suspects'  clothing  should 
therefore  be  examined  for  traces  of  the  victim's  blood  and  tissue. 

5.1 .3  Morphology  of  entry  and  exit  wounds 
5.1. 3.1  Entry  wounds 

The  morphology  of  the  entry  wound  is  of  particular  importance  in  assessing  bullet 
wounds.  This  element  provides  indicators  regarding  the  distance  between  muzzle 
and  victim,  the  angle  of  impact  and  any  special  characteristics  of  the  bullet.  Even 
in  the  case  of  lightly-clothed  body  surfaces,  the  morphology  of  the  entry  wound 
will  provide  a  wealth  of  information. 

An  entry  wound  caused  by  a  full  metal-jacketed  bullet  has  a  number  of  typical 
characteristics  (concentrically  from  the  centre  outwards):  1.  A  central  skin  defect 
surrounded.  2.  A  circular  bullet  wipe.  3.  Contusion  ring.  4.  Margin  of  distension. 

1.  Central  skin  defect,  caused  by  direct  contact  with  the  bullet.  By  contrast 
with  the  exit  wound,  it  is  not  usually  possible  to  make  the  edges  of  the  entry 
wound  match  up.  The  bullet  crushes  the  underlying  skin  tissue  on  impact,  and 
drags  it  far  into  the  wound  channel  (Grobe-Perdekamp  et  al.  2005).  A  hole  (of¬ 
ten  circular)  is  created  in  the  tissue.  As  the  tissue  is  accelerated  away  from  the 
bullet,  however,  the  skin  is  stretched  briefly  to  a  diameter  greater  than  that  of  the 
bullet  as  it  passes  through,  before  contracting  again  due  to  its  own  elasticity  after 
the  bullet  has  passed.  As  a  result,  the  diameter  of  the  opening  is  generally  some¬ 
what  smaller  than  that  of  the  bullet  (STRASSMANN  1885).  Entry  wounds  in  par¬ 
ticularly  hard  areas  of  skin  (such  as  the  hands  and  the  soles  of  the  feet)  may  be 
particularly  small  (POLLAK  1980).  The  flatter  the  angle  of  attack,  the  more  ellipti¬ 
cal  the  bullet  hole. 

2.  Bullet  wipe.  This  is  caused  by  matter  being  wiped  off  the  surface  of  the 
bullet  as  it  enters  the  skin  (STRASSMANN  1885). 

As  it  passes  along  the  barrel,  the  bullet  picks  up  oil,  together  with  propellant  and  explosive  from 
previous  shots.  As  it  penetrates  the  skin,  it  wipes  these  deposits  off  onto  the  entry  hole  (EIaberda 
1919).  In  addition,  propellant  overtakes  the  bullet  via  the  rifling  as  it  passes  down  the  barrel,  and 
this  too  is  deposited  on  the  bullet. 

The  result  is  a  dark,  shiny  ring  around  the  entry  wound,  generally  about  1  to  3  mm 
wide.  The  flatter  the  angle  of  attack,  the  more  elliptical  the  ring,  as  in  the  case  of 
the  entry  wound.  The  external  diameter  of  the  ring  gives  us  some  idea  as  to  the 
calibre  of  the  bullet.  It  does  not  indicate  the  exact  calibre,  as  the  interaction  be¬ 
tween  the  surface  of  the  projectile  and  the  surface  of  the  skin  on  impact  is  highly 
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dynamic.  In  the  case  of  a  corpse,  there  will  also  be  the  effect  of  drying  out,  which 
will  cause  the  skin  to  shrink,  and  with  it  the  entry  wound  and  related  effects. 

3.  Contusion  ring.  The  appearance  of  this  ring  gives  the  impression  that  it  was 
caused  by  the  bullet  invaginating  the  skin  and  then  abrading  it,  hence  the  name.  It 
is  above  all  thanks  to  Sellier  (1969,  1975,  1982)  and  his  high-speed  photogra¬ 
phy,  together  with  POLLAK  (1982),  POLLAK  and  Ropohl  (1991)  and  Thali  et  al. 
(2002)  that  we  now  have  impressive  evidence  for  the  actual  causes  of  this  ring- 
shaped  skin  wound:  The  sudden  crushing  effect  displaces  skin  surface  particles 
and  parts  of  the  dermis  in  front  of  and  adjacent  to  the  tip  of  the  bullet  tangentially, 
at  high  speed,  leaving  a  ring-shaped  tissue  defect.  In  addition,  the  radial  accelera¬ 
tion  of  the  tissue  as  the  projectile  penetrates  causes  the  skin  to  be  overstretched 
briefly  in  a  manner  analogous  to  the  phenomena  observed  in  the  temporary  cavity. 
This  results  in  tiny  radial  stretching  cracks  in  the  epidermis,  accompanied  in  part 
by  tears  visible  with  the  naked  eye,  which  favours  the  drying  process.  The  result  is 
a  change  to  the  skin,  some  2  to  3  mm  wide,  caused  by  surface  abrasion  and 
stretching.  In  the  case  of  a  corpse,  this  ring  is  easily  recognisable  from  the 
brownish-red  desiccation  that  has  occurred. 

4.  Margin  of  distension.  This  reddish  ring  is  contiguous  with  the  contusion 
ring.  It  is  generally  smaller  than  the  contusion  ring  and  forms  the  boundary  of  the 
skin  stretched  by  the  radial  acceleration  forces.  External  stretch  lacerations  are 
absent.  In  a  manner  similar  to  that  observed  in  an  extravasation  zone,  the  capil¬ 
laries  of  the  skin  are  broken.  Examination  under  a  magnifying  glass  generally  re¬ 
veals  an  absence  of  homogeneous  colouration,  the  effect  being  caused  by  large 
numbers  of  petechial  haemorrhages. 

Depending  on  the  situation,  there  may  be  considerable  variation  in  the  above-mentioned  charac¬ 
teristics  of  an  entry  wound.  The  form  of  the  entry  wound  will  depend  on  the  design  of  the  bullet, 
the  distance  from  which  it  was  fired,  the  angle  of  attack  and  any  materials  through  which  the  bullet 
passes  between  the  weapon  and  the  victim. 

The  form  and  structure  of  the  bullet  will  determine  the  sectional  density  and  the 
amount  of  energy  transferred.  The  experiments  using  glycerine  soap  discussed  in 
3.2  show  how  a  bullet  with  a  high  energy  level  and  low  sectional  density  creates  a 
large  wound  cavity  that  starts  right  at  the  entry  wound,  which  may  result  in  a 
large,  open  entry  wound.  The  same  effect  may  be  caused  by  an  unstable  bullet 
(e.g.  one  that  has  struck  a  surface  before  hitting  the  victim,  or  one  that  has  passed 
through  another  medium)  or  by  an  unfavourable  interaction  between  bullet  and 
weapon  (the  development  of  the  US  M16  being  a  case  in  point  -  see  3.2. 3. 3).  In 
the  case  of  unstable  handgun  bullets,  the  lower  energy  level  by  comparison  with 
rifle  bullets  means  that  changes  in  entry  wound  morphology  will  be  limited  to  the 
entry  wound  being  elongated  or  irregular  (in  the  case  of  ricochets  and  other  bul¬ 
lets  that  strike  the  body  side-on)  or  an  absence  of  bullet  wipe  (if  the  bullet  has 
passed  through  another  medium  before  hitting  the  body).  As  a  result,  these  entry 
wounds  can  look  very  similar  to  exit  wounds. 
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Multiple  hits  from  the  same  bullet  constitute  another  special  case.  There  have 
been  a  number  of  cases  in  which  a  single  bullet  passed  through  the  trunk  and  then 
hit  the  arm  or  leg  of  the  same  person  (or  vice  versa).  When  bullets  are  fired  into  a 
crowd,  during  mass  executions  or  in  other  situations  where  people  are  located 
close  together,  a  bullet  may  pass  through  the  body  of  one  person  and  then  come  to 
rest  in  the  body  of  another.  Bullet  wipe  is  often  absent  where  a  bullet  re-enters  a 
body.  Depending  on  the  ammunition  used,  and  the  length  of  the  wound  channel 
through  which  the  bullet  has  already  passed,  it  may  strike  the  body  tip-first  at  a 
slight  angle  (producing  a  round  or  elliptical  entry  wound),  side-on  or  tail  first 
(producing  a  large,  elongated,  irregular  entry  wound).  In  the  case  of  higher-energy 
rifle  bullets  in  particular,  the  position  of  the  temporary  cavity  plays  a  major  role  in 
determining  the  morphology  of  the  second  entry  wound. 

The  area  of  the  body  also  affects  the  morphology  of  the  wound.  Especially  in 
the  case  of  areas  covered  in  hard  skin,  such  as  the  palms  of  the  hands  and  the  soles 
of  the  feet,  the  entry  wound  is  usually  small,  with  no  marginal  abrasion  (POLLAK 
1980),  sometimes  with  a  bullet  wipe  under  the  raised  epidermis  (SlGRlST  et  al. 
1992).  Where  a  flat  bone  lies  underneath  the  skin  (especially  in  the  case  of  the 
skull)  there  may  be  significant  tearing  at  the  perimeter  of  the  wound,  regardless  of 
the  distance  from  which  the  shot  was  fired. 

Given  the  above  points,  an  experienced  investigator  generally  has  no  difficulty 
differentiating  between  entry  and  exit  wounds.  Bullet  wipe  and  signs  of  a  bullet 
fired  from  close  range  indicate  an  entry  wound.  Signs  of  a  bullet  having  been  fired 
from  close  range  include  above  all  traces  of  gunshot  residues  on  the  skin  around 
the  wound.  In  the  case  of  contact  shots  there  may  be  the  imprint  of  the  muzzle  and 
powder  gas  cavities  and  in  the  case  of  close  range  shots  there  may  be  heat-related 
changes  to  the  skin  and  tissue. 

The  lower  pressure  behind  the  bullet  sucks  explosive  and  propellant  particles  a 
certain  distance  into  the  wound.  Under  certain  circumstances,  these  particles  may 
be  found  in  the  wound  channel  or  even  at  the  exit  wound.  The  concentration  of 
particles  decreases  rapidly  with  distance,  which  means  that  it  is  almost  always 
possible  to  determine  the  direction  in  which  the  bullet  travelled  by  looking  at  how 
the  quantity  of  gunshot  residues  present  changes  over  the  length  of  the  wound 
channel.  The  same  applies  to  textile  fibres  in  cases  where  the  bullet  has  passed 
through  clothing.  Regardless  of  the  distance  from  which  the  shot  was  fired,  the 
bullet  often  drags  textile  fibres  into  the  wound  and  the  vacuum  created  by  the 
temporary  cavity  sucks  them  in  further.  For  the  same  reason,  it  is  not  unusual  to 
find  textile  fibres  at  the  exit  wound,  albeit  at  lower  concentrations,  as 
STRASSMANN  already  pointed  out  in  1912. 

At  very  short  ranges,  primary  or  secondary  flash  (see  2. 3. 3. 2)  causes  short¬ 
lived  thermal  effects  in  the  area  of  the  entry  wound.  The  high  concentrations  of 
carbon  monoxide  in  the  propellant  gases  transform  haemoglobin  (Hb,  red  blood 
cells)  and  myoglobin  (Mb,  red  muscle  cells)  into  CO-Hb  (carboxy-haemoglobin) 
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and  CO-Mb  (carboxy-myoglobin).  This  effect  may  be  more  or  less  marked,  de¬ 
pending  on  the  ammunition  and  weapon  used  (especially  the  length  of  the  barrel). 
However,  as  the  flame  only  acts  on  the  skin  for  a  few  milliseconds,  major  damage 
is  unlikely,  and  damage  at  a  significant  depth  more  so.  As  a  result,  significant 
concentrations  of  CO-Hb  and  CO-Mb  are  found  only  in  the  uppermost  thin  layers 
of  tissue  around  the  entry  wound.  Nonetheless,  increased  levels  of  carbon  mon¬ 
oxide  (CO)  may  also  be  observed  in  the  vicinity  of  the  exit  wound  (WOJAHN 
1968).  This  is  because  not  only  the  thermal  components  but  also  the  concentration 
of  CO  in  the  propellant  gases  plays  a  role.  In  the  case  of  a  shot  from  close  range, 
propellant  gases  will  enter  the  wound  channel.  These  will  be  sucked  deep  into  the 
wound  channels  by  the  temporary  cavity,  bringing  the  inner  layers  of  tissue  at  the 
exit  wound  into  contact  with  these  gases  and  the  CO  they  contain.  It  sometimes 
happens  that  routine  measurements  of  CO  in  tissue  at  the  entry  and  exit  wounds 
reveal  higher  CO-Hb  concentrations  at  what  is  known  (from  other  sources)  to  be 
the  exit  wound  than  at  the  entry  wound.  This  means  that  CO  levels  cannot  be  used 
to  determine  the  direction  of  shot. 

It  would  be  pointless  to  differentiate  between  entry  and  exit  wound  purely  by 
comparing  their  respective  sizes.  The  often-heard  statement  that  entry  wounds  are 
smaller  than  exit  wounds  applies  only  to  harder,  more  brittle  materials,  and  even 
then  only  under  certain  conditions.  The  size  of  the  entry  and  exit  wounds  is  de¬ 
termined  by  how  the  amount  of  energy  transferred  by  the  bullet  changes  as  it 
passes  along  the  wound  channel.  Depending  on  the  ammunition  and  the  orienta¬ 
tion  of  the  bullet  on  impact  (e.g.  high-energy  bullet  with  a  low  sectional  density  or 
high  angle  of  incidence),  a  large  temporary  cavity  may  be  formed  on  entry,  lead¬ 
ing  to  a  large  entry  wound.  In  the  case  of  a  contact  shot,  the  pressure  of  the  pro¬ 
pellant  gases  has  an  additional  effect,  often  causing  a  large,  torn  entry  wound. 
Conversely,  if  the  wound  channel  is  short  the  exit  wound  may  lie  in  the  narrow 
channel  or,  in  the  case  of  a  longer  wound  channel,  it  may  lie  beyond  the  tempo¬ 
rary  cavity.  In  such  cases  the  exit  wound  will  be  small.  In  the  case  of  fragment 
wounds,  the  entry  wound  is  always  larger  than  the  exit  wound. 

5.1. 3.2  Exit  wounds 

Exit  wounds  also  display  a  high  degree  of  variation.  The  mechanism  by  which 
they  are  created  differs  from  that  of  entry  wounds.  The  projectile  exits  from  the 
interior  of  the  body  and  the  skin  bulges  outwards  before  breaking.  As  a  result,  exit 
wounds  often  take  the  form  of  a  slit  and  are  irregular.  Bullet  wipe  is  usually  ab¬ 
sent. 

Bullets  that  lack  the  energy  density  to  penetrate  the  skin  from  the  inside  are 
often  found  just  under  the  skin.  Their  position  is  sometimes  indicated  by  a  small 
bruise,  and  it  is  often  possible  to  feel  them  from  outside.  If  the  bullet  has  just 
enough  energy  to  exit  the  body,  the  skin  often  tears  along  a  natural  tear  line. 
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which  can  lead  to  a  slit-shaped  tear  with  smooth  edges,  which  on  first  examination 
can  easily  be  mistaken  for  a  stab  wound  (see  Fig.  5-1). 

If  a  bullet  that  has  undergone  more  deformation  or  fragmentation  has  just 
enough  energy  to  leave  the  body,  the  exit  wound  will  be  correspondingly  irregular 
and  torn.  Unlike  the  edges  of  entry  wounds,  those  of  exit  wounds  can  generally  be 
matched  up,  as  there  is  generally  no  significant  removal  of  matter.  Matter  is  lost 
only  when  a  bullet  exits  at  high  speed,  in  the  case  of  an  exit  wound  co-located 
with  a  large  temporary  cavity  or  where  the  exit  area  was  in  contact  with  a  hard 
surface,  e.g.  when  a  bullet  passes  through  the  trunk  of  a  person  lying  on  their  back 
on  a  stone  floor,  when  the  exit  wound  is  in  the  back  or  possibly  when  the  person  is 
wearing  heavy,  close-fitting  clothing.  In  such  cases,  the  skin  is  crushed  at  the  exit 
wound  by  being  trapped  briefly  between  the  projectile  and  the  surface  behind.  In 
such  cases,  it  is  no  longer  possible  to  match  up  the  edges  of  the  wound,  as  tissue 
has  been  removed  by  the  crushing  process.  The  epidermis  in  a  ring  around  the 
hole  undergoes  abrasion  when  forced  against  the  external  surface,  and  this  may 
produce  an  imitation  of  a  contusion  ring  (Sellier  1982,  RESCHELEIT  et  al.  2001). 
However,  this  generally  does  not  complicate  differentiation  between  the  entry  and 
exit  wounds,  as  the  projectile  remains  in  the  vicinity  of  the  exit  wound  in  cases 
where  the  surface  of  the  body  was  touching  a  hard  surface  (such  as  stone  or  con¬ 
crete)  at  the  time  of  the  shot. 

5.1. 3.3  Grazing  shots 

A  grazing  shot  is  one  in  which  the  bullet  passes  along  the  surface  of  the  body 
without  penetrating.  Injury  to  the  surface  of  the  body  is  generally  limited  to  the 
skin  itself  and  to  the  subcutaneous  connective  tissue.  However,  the  subcutaneous 
fatty  tissue  may  be  affected,  as  may  the  upper  layers  of  muscle,  depending  on  the 
area  of  the  body  concerned  and  the  thickness  of  the  fatty  tissue.  The  resulting  de¬ 
fect  often  takes  the  form  of  a  channel,  with  abraded  tissue.  The  shorter  the  area  of 
contact  between  projectile  and  skin,  the  smaller  and  more  insignificant-looking 
such  a  graze  is  likely  to  be. 
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Fig.  5-2.  Grazing  shot:  a.  The  skin  is  dragged  forwards  by  the  bullet,  generating  shear  stresses 
in  the  skin  near  the  channel,  b.  This  results  in  small  tears  in  the  epidennis  on  both  sides  of  the 
channel.  Once  the  skin  is  no  longer  under  tension,  these  tears  point  in  the  direction  of  shot. 


Such  grazes,  while  comparatively  harmless  from  the  victim's  point  of  view, 
may  be  useful  in  determining  the  direction  of  shot.  DIXON  (1980,  1982,  1984a, b) 
has  looked  at  this  topic  in  detail,  and  pointed  out  the  presence  of  small,  lateral 
tears  in  the  skin.  As  the  bullet  scrapes  over  the  skin,  it  drags  the  skin  along  with  it 
for  a  short  distance  (see  Fig.  5-2  a).  The  skin  in  direct  contact  with  the  bullet  is 
abraded,  while  the  neighbouring  areas  are  subjected  to  shear  stresses,  which  may  be 
considerable  in  some  cases,  and  may  tear.  This  results  in  small  tears  in  the  epider¬ 
mis  on  both  sides  of  the  channel,  pointing  in  the  direction  of  travel  (see  Fig.  5-2  b). 

5.1. 3.4  Indicators  of  muzzle-target  distance 

Determining  muzzle-target  distance  is  of  considerable  significance  in  recon¬ 
structing  an  incident.  This  applies  not  only  to  cases  in  which  another  person  is 
known  to  have  been  involved,  but  also  to  accidents  and  suicides.  For  instance,  if  a 
suspected  suicide  victim  has  suffered  a  bullet  wound  to  the  temple  from  a  distance 
greater  than  the  length  of  their  arm,  the  police  and  prosecution  service  will  ini¬ 
tially  have  to  assume  that  another  person  was  involved. 

Conventionally,  muzzle-target  distances  are  divided  into  three  main  ranges, 
based  primarily  on  the  density  and  distribution  of  gunshot  residues  on  the  surface 
of  the  body  (skin  and/or  clothing):  1.  Contact  shot.  2a.  Close  range  shot.  2b.  In¬ 
termediate  range  shot.  3.  Distant  shot.  The  largest  number  of  wound  ballistics 
phenomena  are  observed  in  the  case  of  a  contact  shot. 

1.  A  contact  shot  is  one  in  which  the  muzzle  is  in  contact  with  the  body.  At 
very  short  distances  between  muzzle  and  skin  (up  to  a  few  mm),  the  typical  char¬ 
acteristics  of  a  contact  shot  will  also  be  present.  Such  shots  are  also  classified  as 
contact  shots  therefore. 

If  the  muzzle  is  in  contact  with  the  body,  large  quantities  of  propellant  gas  and 
particles  will  accompany  the  bullet  into  the  entry  wound.  The  gases  -  which  are 
under  high  pressure  -  can  follow  close  behind  the  bullet,  partly  on  account  of  the 
temporary  cavity.  In  addition,  the  skin  in  the  vicinity  of  the  entry  wound  suffers 
undermining,  with  gunshot  residues  spreading  into  the  subcutaneous  fatty  tissue 
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Fig.  5-3.  Contact  shot  to  a  flat  bone 
under  soft  tissue.  The  star-shaped 
wound  is  a  typical  indicator. 


or  muscle  (depending  on  the  anatomy  of  the  area).  The  pressure  may  also  generate 
radial  tears  centred  on  the  entry  wound.  Primary  flash  (see  2. 3. 3. 2)  may  also  cause 
heat-induced  changes  in  the  tissue.  The  effects  are  particularly  pronounced  where 
flat  bones  lie  beneath  the  soft  tissue  (e.g.  skull  and  sternum).  At  such  locations  the 
bone  impedes  the  penetration  of  propellant  gases  into  the  body,  increasing  the 
pressure  effects  on  the  soft  tissue,  which  often  lifts  away  from  the  bone.  The  pe¬ 
riosteum  around  the  hole  in  the  bone  is  generally  “blown”  away  radially  and  its 
underside  (and  the  outer  surface  of  the  bone)  will  show  black  gunshot  residues 
marking,  the  degree  of  such  marking  depending  on  the  ammunition  used  (Faller- 
Marquardt  et  al.  2004).  See  Fig.  5-3. 

The  pressure  in  the  powder  gas  cavity  under  the  skin  can  be  so  high  that  with 
the  muzzle  in  contact  (or  nearly  so)  the  skin  is  pressed  against  the  muzzle  with 
considerable  force,  causing  abrasion.  The  pressure  and  abrasion  effects  cause  mi¬ 
nute  losses  of  epidermis  and  micro-tears,  leaving  an  image  of  the  muzzle  and  pos¬ 
sibly  the  area  surrounding  it.  WERKGARTNER  (1924,  1928)  gave  such  an  imprint 
the  name  of  “Waffengesicht”  (literally,  “weapon  face”)  in  German  and  Haus- 
BRAND  (1943)  and  Elbel  (1958)  conducted  intensive  experiments  on  such  marks. 
Under  favourable  circumstances,  these  imprints  make  it  possible  to  determine  not 
only  the  exact  positioning  of  the  weapon  (e.g.  from  the  imprint  of  the  foresight) 
but  also,  in  some  cases,  to  identify  the  type  of  weapon  used  (see  Fig.  5-4). 

As  the  clarity  of  the  traces  left  by  a  contact  shot  are  determined  above  all  by 
the  quantity  of  propellant  gas  and  its  pressure,  these  indications  will  be  more  pro- 


Fig.  5-4.  The  muzzle  impression  that  is  often 
visible  in  the  case  of  a  contact  shot.  The  skin  is 
pressed  up  against  the  muzzle  by  the  pressure  in 
the  powder  gas  cavity.  Here  we  can  see  the 
imprint  of  the  foresight,  the  bolt  spring  rod  and  a 
square  slide.  The  weapon  was  a  Glock  9  mm 
Luger  pistol. 
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nounced  if  the  weapon  is  pressed  firmly  against  the  body,  the  volume  of  the  barrel 
is  smaller  (i.e.  the  barrel  is  shorter)  and  the  propellant  load  is  greater  (see  Table  2- 
12).  Conversely,  no  signs  of  a  contact  may  be  visible  to  the  naked  eye  in  the  case, 
for  instance,  of  a  contact  shot  from  a  22  revolver  with  a  4-inch  barrel,  or  a 
6.35  Browning  pistol. 

A  contact  shot  to  a  clothed  area  of  the  body  usually  causes  radial  tears  in  the 
cloth.  Thermal  damage  generally  affects  only  a  limited  area.  If  the  muzzle  is  only 
in  light  contact  or  a  short  distance  from  the  body,  however,  limited  singeing  of  the 
cloth  and  superficial  burns  to  the  skin  may  result. 

2a.  In  the  case  of  a  near-contact  shot,  one  will  observe  both  morphological 
indicators  of  a  close  range  shot  and  gunshot  residues  in  the  form  of  molten  parti¬ 
cles  of  metal  and  combustion  residues.  Increased  concentrations  of  CO-Hb  and 
CO-Mb  will  be  found  in  tissue  around  the  entry  wound  at  distances  of  up  to  5  or 
15  cm  (WOJAHN  1968).  These  are  caused  primarily  by  the  high  concentration  of 
CO  in  propellant  gas  (see  2.2.2. 1  and  5. 1.3.1),  a  phenomenon  noted  by  Paltauf 
as  early  as  1890.  At  closer  ranges,  primary  flash  may  also  play  a  role.  The  rela¬ 
tively  short  duration  of  primary  or  secondary  flash  means  that  major  direct  ther¬ 
mal  damage  to  the  skin  in  the  vicinity  of  the  entry  wound  is  not  to  be  expected, 
although  cloth  may  undergo  significant  damage  (Berg  1959,  Bonte  and  Kl- 
JEWSKI  1976).  Aside  from  the  effect  of  muzzle  flash,  the  degree  of  thermal  dam¬ 
age  to  clothing  depends  primarily  on  the  type  of  propellant  and  the  type  of  fabric. 
Natural  fibres  such  as  cotton  are  relatively  heat-stable  and  do  not  melt,  though 
they  may  continue  to  smoulder  after  burning.  This  often  results  in  a  wider  area  of 
damage.  Black  powder  is  likely  to  create  impressive  thermal  damage  due  to  pene¬ 
tration  by  hot  powder  particles.  Synthetic  fibres  such  as  polyamide  and  polyester 
can  melt,  but  by  doing  so  they  prevent  smouldering,  which  means  that  the  area 
affected  by  heat  will  be  smaller.  The  skin  may  suffer  secondary  heat  damage 
caused  not  by  primary  flash  itself  but  indirectly  by  the  fabric  (POLLAK  1982, 
Pollak  and  Stellwag-Carion  1988,  Rothschild  et  al.  1998). 

2b.  In  the  case  of  an  intermediate  range  shot,  propellant  particles  accelerated 
by  the  muzzle  gases  may  still  be  visible,  but  in  contrast  to  a  close  range  shot  there 
will  be  little  or  no  trace  of  gunshot  residues.  The  sensitive  technology  available 
today  makes  it  possible  to  identify  an  intermediate  range  shot  at  distances  of  up  to 
1  to  3  m,  depending  on  the  weapon  (barrel  length)  and  ammunition  (type  and 
quantity  of  propellant  and  explosive). 

5.  If  there  are  no  signs  of  a  close  range  shot,  and  if  normal  means  of  detection 
do  not  reveal  any  propellant  residues,  the  shot  is  classed  as  “distant.”  With  current 
technology,  this  applies  to  shots  fired  from  approx.  3  m  or  more.  In  such  cases,  it 
is  only  possible  to  estimate  muzzle-target  distance  under  particular  conditions, 
such  as  when  one  knows  what  weapon  and  ammunition  were  used  and  when  the 
wound  channel  has  been  precisely  recorded  (including  length  and  whether  or  not 
it  passes  through  bone).  The  loss  of  energy  (and  hence  of  velocity)  of  the  bullet 
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can  be  calculated  per  cm  of  wound  channel,  right  back  to  the  entry  wound.  This 
yields  the  impact  velocity,  and  if  the  muzzle  velocity  is  known,  ballistics  tables 
can  be  used  to  narrow  down  the  range  of  possible  muzzle-target  distances 
(Sellier  1982). 

5.1.4  The  wound  channel 
5. 1.4. 1  Wound  morphology 

As  a  bullet  passes  through  a  body,  a  number  of  dynamic  processes  take  place,  not 
only  in  the  tissue  in  direct  contact  with  the  bullet,  but  also  behind  and  in  front  of 
the  bullet  (see  3.2). 

When  the  bullet  strikes  the  body,  it  initially  creates  a  shock  wave,  which 
propagates  through  tissue  at  the  speed  of  sound.  Even  though  the  pressure  ampli¬ 
tudes  are  high,  the  velocity  means  that  the  effect  is  very  short-lived.  As  a  result, 
no  tissue  can  be  displaced,  and  no  significant  injuries  related  to  the  shock  wave 
have  so  far  been  identified.  We  shall  therefore  not  discuss  the  shock  wave  further 
in  this  context  (see  4. 3.2. 3  regarding  the  significance  of  the  shock  wave  as  regards 
tissue).  Two  fluid  dynamics  processes  are  of  great  significance,  however.  These 
occur  in  parallel  when  a  bullet  penetrates  and  passes  through  a  body:  1.  Crushing. 
2.  Stretching/shear. 

1.  Crushing  results  from  direct  contact  between  body  tissue  and  the  leading 
surface  of  the  bullet.  Tissue  is  deformed  inelastically,  tom,  compressed  and  de¬ 
stroyed.  This  results  in  a  permanent  wound  channel,  which  is  clearly  visible  at 
dissection  and  is  filled  with  blood  and  destroyed  tissue  particles. 

2.  Tissue  is  pushed  away  radially  from  the  leading  surface  of  the  bullet,  with 
major  displacement  effects  in  the  surrounding  tissue.  This  phenomenon  is  espe¬ 
cially  significant  in  the  case  of  rifle  bullets  (see  3.2.2. 1).  Simultaneous  stretch  and 
shear  movements  cause  a  temporary  cavity  to  form  behind  the  bullet.  The  com¬ 
pression  of  tissue  that  results  from  this  stretching  has  significant  wounding  poten¬ 
tial.  Pulsations  in  the  temporary  cavity  (see  3.2.3. 1)  and  the  presence  of  bounda¬ 
ries  between  different  types  of  tissue  create  additional  shear  forces,  which  cause 
the  tissue  to  tear  if  the  limit  of  elasticity  is  exceeded.  Wound  pockets  are  created, 
typical  of  a  temporary  cavity,  pointing  radially  outwards  from  the  permanent 
wound  channel. 

Even  though  the  temporary  cavity  eventually  collapses,  most  of  the  tissue  in 
this  area  is  also  destroyed.  The  tissue  in  the  permanent  wound  channel  immedi¬ 
ately  adjacent  to  the  geometrical  wound  channel  undergoes  extensive  tearing  and 
devitalization  (see  3.2.3. 1  and  Fig.  3-19  b,  c,  Zone  1).  In  the  next  zone,  surround¬ 
ing  the  temporary  cavity,  we  mainly  observe  histological  evidence  of  compression 
effects  with  minor  bleeding  into  the  tissue,  but  no  damage  visible  to  the  naked  eye 
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(extravasation  zone,  see  Fig.  3-19  b,  c,  Zone  2).  The  tissue  around  this  zone  is 
stretched,  but  remains  undamaged  (Fig.  3-19  b,  c,  Zone  3). 

From  the  above,  it  is  clear  that  (aside  from  the  characteristics  of  the  ammuni¬ 
tion  and  weapon)  the  degree  of  tissue  damage  depends  above  all  on  the  tissue  it¬ 
self.  The  more  elastic  the  tissue,  the  better  it  will  be  able  to  compensate  for  the 
stretch  and  shear  forces  generated  when  the  temporary  cavity  is  created,  up  to  a 
certain  point.  Blood  vessels,  muscle,  connective  tissue,  skin  and  such  internal  or¬ 
gans  as  the  lung  and  bowel  are  fairly  elastic.  Such  parenchymatous  organs  as  the 
liver,  spleen,  kidneys  and  brain  are  inelastic. 

5.1. 4.2  The  relationship  between  the  wound  channel  and  the  direc¬ 
tion  of  shot 

If  it  is  not  immediately  possible  to  differentiate  between  the  entry  and  exit  wound 
(e.g.  if  the  body  has  been  in  water  for  an  extended  period,  or  has  been  burned,  or 
has  decomposed),  the  edges  of  wounds  to  bones  often  give  a  good  indication  of 
the  direction  of  shot.  Flowever,  if  the  bullet  has  not  struck  bone,  or  if  it  is  not  pos¬ 
sible  to  draw  reliable  conclusions  from  bone  damage,  the  only  indicator  is  damage 
to  soft  tissue  in  the  vicinity  of  the  wound  channel.  Flowever,  the  amount  of  infor¬ 
mation  that  can  be  derived  from  this  is  extremely  limited.  While  entry  wounds  in 
bone  are  generally  smaller  than  exit  wounds,  this  is  not  the  case  with  soft  tissue. 
Even  in  the  case  of  inelastic  soft  tissue  such  as  the  liver,  there  will  rarely  be  a  fun¬ 
nel-shaped  exit  wound  such  as  one  often  finds  in  bone. 

One  should  also  be  cautious  about  drawing  conclusions  from  the  positions  of 
bone  and  bullet  fragments  along  the  wound  channel.  When  the  temporary  cavity  is 
created,  the  stretch  forces  -  and  especially  the  shear  forces  -  tear  pockets  in  the 
tissue,  in  which  a  vacuum  exists  briefly.  Furthermore,  when  a  bullet  hits  a  hollow 
bone,  hydraulic  pressure  is  generated  in  the  marrow.  As  a  result,  bone  fragments 
are  to  be  found  in  tissue  both  in  front  of  and  behind  the  bone  (Lorenz  1948, 
Karger  et  al.  1998).  However,  the  majority  of  bone  fragments  will  lie  on  the  exit 
side  of  the  bone,  where  the  vacuum  created  by  the  temporary  cavity  and  the  direct 
displacement  of  bone  fragments  through  contact  with  the  bullet  combine.  If  metal 
is  abraded  from  the  bullet  through  contact  with  the  bone,  the  resulting  particles 
may  be  found  both  in  front  of  and  behind  the  bone.  The  vacuum  created  by  the 
temporary  cavity  may  suck  metal  particles  from  the  bullet  right  through  to  the  exit 
wound,  at  the  end  of  the  wound  channel.  If  the  jacket  material  is  soft,  and  if  the 
bullet  is  travelling  at  over  600  m/s,  the  bending  and  compression  stresses  caused 
as  the  bullet  yaws  may  crush  or  break  it,  and  this  may  result  in  lead  particles  being 
squeezed  out.  Under  certain  circumstances,  these  may  be  found  closer  to  the  end 
of  the  wound  channel,  depending  on  the  position  of  the  maximum  temporary  cav¬ 
ity  (see  3.2.2. 1). 
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However,  the  above-mentioned  forces  may  lead  to  erroneous  conclusions. 
When  performing  a  reconstruction  of  a  shooting  death,  another  factor  of  impor¬ 
tance  (alongside  the  differentiation  between  entry  and  exit  wound)  is  the  angle  of 
shot.  As  it  is  not  always  possible  to  determine  this  from  the  morphology  of  the 
entry  wound,  the  track  of  the  wound  channel  in  the  body  may  be  of  considerable 
significance.  One  must  exercise  caution  in  the  case  of  long,  slender  bullets,  as 
their  direction  of  travel  can  easily  change  by  up  to  30°  in  the  vicinity  of  the  maxi¬ 
mum  temporary  cavity  (see  Fig.  3-8). 

5.1.5  Bullet  wounds  to  the  head 
5. 1.5.1  Brain  injuries 

The  brain  links  together  a  number  of  vital  structures.  Direct  damage  to  these 
structures  causes  instant  death.  On  the  other  hand,  the  brain  also  contains  a  num¬ 
ber  of  structures  that  can  be  destroyed  without  threat  to  life.  Despite  this,  the  vast 
majority  of  bullet  wounds  to  the  head  encountered  in  the  field  of  forensic  pathol¬ 
ogy  are  fatal.  This  is  because  of  the  particular  structure  of  the  head  from  a  wound 
ballistics  point  of  view. 

1.  Brain  tissue  is  particularly  inelastic  and  hence  has  little  capacity  to  absorb 
the  radial  displacement  of  tissue  caused  by  the  temporary  cavity.  This  results  in 
tearing  of  the  brain  tissue,  the  extent  of  which  corresponds  approximately  to  the 
dimensions  of  the  temporary  cavity.  In  his  neurohistopathological  studies,  Oeh- 
MICHEN  (1985,  1992)  demonstrated  that  the  nerve  cells  are  also  destroyed  and  the 
axons  crushed  in  the  area  of  the  temporary  cavity. 

2.  The  brain  is  firmly  enclosed  by  the  cranium  at  almost  all  points.  If  a  projec¬ 
tile  penetrates  the  skull  and  causes  radial  displacement  of  tissue,  it  is  not  possible 
for  this  displacement  to  be  transmitted  outwards  by  expansion  or  deformation. 
The  brain  undergoes  brief  pressure  peaks  and  large  pressure  gradients,  as  con¬ 
firmed  empirically  by  WATKINS  et  al.  (1988)  (see  3.2.3. 1,  Fig.  3-20,  3-21  and  Ta¬ 
ble  3-3)  and  DlTTMANN  (1989).  This  accentuates  the  compression  that  the  brain 
undergoes  as  the  temporary  cavity  is  formed,  leading  to  further  deformation  and 
shearing  of  the  brain  tissue.  This  explains  why  even  brain  structures  at  some  dis¬ 
tance  from  the  tissue  can  sustain  damage.  Brain  structures  adjacent  to  bony  edges 
and  projections  can  easily  be  pressed  up  against  them,  causing  secondary  brain 
injury.  It  is  precisely  the  sensitive  regions  of  the  brain  that  suffer  the  effects  of  this 
mechanism,  such  as  the  pons  and  the  brainstem,  with  their  vital  breathing  and 
circulatory  centres.  These  structures  are  located  at  the  foramen  magnum,  and 
exhibit  clusters  of  small  regions  of  perivascular  bleeding,  The  basal  parts  of  the 
brain  in  the  frontal,  temporal  and  occipital  lobes,  together  with  the  cerebellum,  are 
also  affected  by  these  indirect,  amplified  compression  effects.  This  very  often 
results  in  bleeding  due  to  contusion  of  the  cerebral  cortex  (Henn  and  LlEBHARDT 
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1969,  Kirkpatrick  and  DiMaio  1978,  Allen  et  al.  1983,  Finnie  1993,  Karger 
et  al.  1998).  The  pressure  generated  by  the  temporary  cavity  also  results  petechiae 
in  the  conjunctiva,  especially  in  the  case  of  contact  and  close  range  shots. 

3.  Depending  on  the  ammunition  used,  the  relatively  hard  bone  of  the  skull 
may  cause  deformation  or  even  fragmentation  of  the  bullet.  The  skull  may  also 
make  the  bullet  more  likely  to  yaw.  All  three  effects  will  tend  to  reduce  the  sec¬ 
tional  density  of  the  bullet,  further  increasing  the  amount  of  energy  transferred  to 
the  tissue  through  which  it  passes. 

In  most  cases,  the  effects  of  bullet  wounds  to  the  cranium  mentioned  above  are 
instantly  fatal.  The  bullet  may,  however,  cause  death  indirectly.  Like  reactive 
cerebral  swelling,  bleeding  within  the  brain  causes  the  brain  to  increase  in  volume 
within  the  rigid  cranium,  resulting  in  fatal  compression  of  the  brain  stem  at  the 
foramen  magnum. 

5. 1.5. 2  Skull  injuries 

In  addition  to  the  primary  bone  defect  in  the  form  of  a  bullet  hole,  one  very  often 
observes  secondary  fracture  lines  radiating  from  the  hole.  These  burst  fracture 
lines  are  created  after  the  bullet  has  penetrated  the  skull,  and  are  the  result  of  hy¬ 
draulic  pressure  (see  Fig.  5-5). 

This  pressure  causes  local  outwards  flexion,  which  can  be  recorded  using  high-speed  photography. 
Once  the  maximum  bending  stress  has  been  exceeded,  cracks  begin  to  propagate  from  the  existing 
defect,  i.e.  the  bullet  hole. 

These  radial  cracks  propagate  rapidly.  If  they  become  sufficiently  long,  they  can 
easily  reach  the  opposite  side  of  the  skull  before  the  bullet. 


» 

s 

S  ’ 

j— . 

1  i 

1 _ 3 

r~  ^ _ 5_i 

7. 

A 

I  2 

1  AJ 

i** 1 

1  8 

Fig.  5-5.  Development  of  fracture  pattern  in  the  calvarium,  demonstrated  on  a  model  head. 
Frame  rate:  5  kHz.  In  the  second  picture,  the  bullet  has  already  penetrated  fully,  but  no  fracture 
lines  are  visible.  However,  measurement  of  the  calvarium  indicates  the  presence  of  a  slight  bulge 
on  the  side  from  which  the  shot  has  come.  In  the  third  picture,  this  bulge  has  become  more 
prominent,  and  a  radial  crack  has  appeared.  The  fourth  picture  (taken  approx.  0.7  ms  after  impact) 
shows  the  tertiary,  radiate  fractures.  In  the  fifth  picture  (taken  immediately  after  the  bullet  exited 
the  model),  we  see  that  one  of  the  radial  cracks  has  already  reached  the  opposite  side 
(9  mm  Luger,  full  metal-jacketed  bullet),  (KNEUBUEHL  et  al.  1999,  unpublished). 
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Fig.  5-6.  Development  of  fracture 
pattern  in  the  calvarium,  demonstrat¬ 
ed  on  a  model  head.  Spherical  lead 
projectile. 

1  Primary  bone  defect,  here  showing 
an  additional  depressed  fracture  at 
the  lower  edge,  because  the  sphere 
struck  at  a  slight  angle. 

2  Radial  fracture  lines. 

3  Radial  bending  fractures. 


If  the  internal  pressure  is  sufficiently  high,  and  is  maintained  for  a  sufficient 
period,  the  segments  created  by  the  radial  cracks  will  be  pushed  out  far  enough  to 
create  further,  tertiary  fractures.  These  bending  fractures  appear  immediately  after 
the  secondary  fractures  concentrically  around  the  bullet  hole.  In  conjunction  with 
the  secondary,  radial  burst  fracture  lines,  they  often  form  a  complex  bending/burst 
fracture  system,  in  the  form  of  a  globe  fracture  (see  Fig.  5-6)  The  pressure  gener¬ 
ated  by  the  passage  of  the  bullet  can  lead  to  indirect  fractures,  especially  in  the 
base  of  the  skull  and,  in  this  instance  in  the  anterior  cranial  fossa  (Klaue  1949). 

The  wounding  mechanisms  of  bullet  wounds  to  the  head  are  indicative  of  a  hy¬ 
draulic  explosive  effect.  However,  not  every  bullet  wound  to  the  head  that  causes 
injury  to  the  brain  results  in  the  indirect  or  tertiary  fractures  described  above.  Ac¬ 
cording  to  Harvey  et  al.  (1947),  Sellier  (1982)  and  Watkins  et  al.  (1988),  the 
pressure  applied  to  the  brain  depends  on  the  ballistic  parameters  of  the  bullet.  The 
larger  the  area  of  the  leading  face  and  the  higher  the  velocity  of  the  bullet,  the 
higher  the  pressure  generated  in  the  cranium. 

This  is  immediately  clear  if  we  consider  the  basic  laws  of  wound  ballistics:  Energy  transfer  per 
unit  distance  (i.e.  effectiveness)  is  directly  proportional  to  the  energy  of  the  bullet  and  inversely 
proportional  to  its  sectional  density  (see  3.2. 3.4). 

In  the  case  of  handguns,  even  a  9  mm  Luger  bullet  can  pass  right  through  the 
head,  causing  clear  bursting  fractures.  The  relatively  high  velocity  of  rifle  bullets 
means  that  they  will  generally  cause  extensive  fragmentation  of  bone  when  pass¬ 
ing  through  the  head,  because  of  the  high  pressure  gradients  they  generate  in  the 
brain.  While  shotgun  slugs  travel  at  lower  velocities,  they  do  have  a  low  sectional 
density,  which  means  that  they  also  generally  cause  considerable  damage  to  the 
head.  The  most  extreme  type  of  brain  injury  is  that  named  after  the  researcher  who 
first  described  it  (Kronlein  1899).  The  transfer  of  energy  from  the  bullet  to  the 
brain  tissue  creates  such  a  high  pressure  that  almost  the  entire  brain  is  ejected 
from  the  cranium  (see  Fig.  5-7).  This  phenomenon  is  particularly  common  when 
the  muzzle  of  a  rifle  is  placed  close  to  the  base  of  the  skull  (lower  forehead, 
mouth,  etc.)  (Pankratz  and  Fischer  1985,  Risse  and  Weiler  1988,  Karger 
2003). 
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Fig.  5-7.  Contact  shot,  shotgun  pellets.  Entry  in 
lower  forehead.  Complete  removal  of  the  brain.  This 
is  known  as  a  Kronlein  shot. 


Injuries  caused  by  bullets  that  ricochet  off  the  skull  constitute  another  special 
category.  In  the  case  of  an  external  ricochet,  the  projectile  strikes  the  head  at  a 
tangent,  penetrating  the  epicranium  and  rebounding  from  the  tabula  externa 
(Kneubuehl  1999c).  Even  though  the  bullet  does  not  enter  the  skull,  it  can  cause 
a  depressed  fracture  of  the  calvaria  (“skull-cap”)  with  bleeding  due  to  contusion 
of  the  cerebral  cortex  and  intracranial  bleeding.  The  situation  is  different  in  the 
case  of  an  interior  rebounding  shot.  In  such  cases,  the  bullet  enters  the  skull, 
passes  through  the  brain  and  rebounds  from  the  tabula  interna  with  a  limited 
amount  of  energy.  The  bullet  may  rebound  a  certain  distance  into  the  wound 
channel  or  rebound  at  an  angle  into  another  section  of  the  brain,  coming  to  a  halt 
at  the  end  of  a  second  wound  channel.  If  the  bullet  strikes  the  internal  surface  of 
the  skull  at  a  very  obtuse  angle  and  with  a  small  amount  of  energy,  it  may  follow 
the  interior  surface  of  the  skull,  a  phenomenon  described  by  von  Hofmann  in 
1898.  This  may  cause  damage  to  the  sinus  veins  and  the  meningeal  arteries, 
followed  by  fatal  bleeding. 

5.1 .6  Bullet  wounds  to  the  trunk 
5. 1.6.1  The  ribcage 

The  ribcage  contains  a  number  of  vital  structures:  the  heart,  the  aorta  and  the  main 
pulmonary  arteries.  Damage  to  any  of  these  can  cause  rapid,  absolute  incapacita¬ 
tion  (see  5.1.9).  From  a  wound  ballistics  point  of  view,  the  structures  in  the  rib¬ 
cage  consist  primarily  of  elastic  tissue.  The  elasticity  of  this  soft  tissue,  and  of  the 
lungs,  allows  them  to  compensate  for  the  stretch  and  shear  effects  that  result  from 
the  creation  of  the  temporary  cavity.  The  extent  to  which  they  are  able  to  do  so 
depends  on  the  energy  deposited  by  the  bullet.  In  the  case  of  handgun  bullets,  for 
instance,  the  extravasation  zone  is  often  comparatively  limited. 


5.1  Conventional  forensic  medicine  271 


As  the  ribs  form  a  cage  around  the  organs,  damage  to  the  ribs  is  not  unusual 
where  a  person  is  hit  in  the  trunk.  This  can  make  it  easier  to  distinguish  between 
entry  and  exit  wounds.  It  can  be  difficult  to  identify  the  wound  channel  in  the  case 
of  injury  to  the  lungs  if  one  or  both  lungs  collapse  because  of  air  or  blood  entering 
the  pleural  cavity  (phenomena  known  as  pneumothorax  or  haematothorax  respec¬ 
tively).  As  it  is  relatively  unusual  for  a  bullet  to  come  to  rest  in  a  lung,  the  path  of 
the  wound  channel  through  the  lung  can  generally  be  established  with  a  good  de¬ 
gree  of  certainty  from  the  start  and  end  points  of  the  bullet's  passage  through  the 
parietal  pleura. 

The  volume  of  the  chest  cavities  previously  occupied  by  the  now-collapsed 
lungs  is  easily  sufficient  to  accommodate  major  bleeding  from  damaged  blood 
vessels  or  the  heart.  It  is  perfectly  possible  for  the  victim  to  exanguinate  into  one 
or  both  chest  cavities.  No  significant  quantities  of  blood  need  be  visible  outside 
the  body. 

Elastic  arteries  display  particular  behaviour.  Bullet  holes  in  the  aorta  remain 
very  small  because  of  the  elastic  restoring  force  but  have  a  characteristic,  star 
shape  with  actinomorphic  radial  tears  (POLLAK  1987,  Karger  et  al.  1997). 

5. 1.6. 2  Abdomen 

The  abdomen  contains  a  large  number  of  closely-packed  organs,  each  with  a 
strong  blood  supply.  In  contrast  to  the  organs  in  the  ribcage,  most  of  the  organs  in 
the  abdomen  (such  as  the  liver,  spleen  and  kidneys)  are  relatively  inelastic.  The 
shear  and  stretch  forces  generated  by  the  fonnation  of  the  temporary  cavity  are 
hence  most  visible  in  these  organs,  which  often  show  star-shaped  burst  damage 
(Metter  and  Schulz  1983).  A  bullet  wound  to  the  perimeter  of  one  of  these  or¬ 
gans  may  cause  a  broad  tear  in  the  form  of  a  channel,  and  the  resulting  blood  loss 
may  quickly  prove  fatal  (see  Fig.  5-8). 

Just  as  the  chest  cavities  can  hold  the  blood  resulting  from  hits  to  the  ribcage, 
so  can  large  quantities  of  blood  be  almost  completely  accommodated  by  the  ab¬ 
dominal  cavity  and  the  retroperitoneum,  with  little  blood  escaping  to  the  outside. 


DFig.  5-8.  Liver  following  passage  of  a 

9  mm  Luger  full  metal-jacketed  round-nose 
bullet  through  the  organ,  close  to  the  surface. 
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5.1 .7  Bullet  wounds  to  bones 
5. 1.7.1  General 

From  a  forensic  pathology  perspective,  bullet  wounds  to  bones  have  the  advantage 
that  they  often  constitute  a  shape-stable  medium  for  investigation,  and  one  which 
generally  gives  a  more  reliable  indication  of  direction  of  shot,  for  instance.  Where 
the  body  has  undergone  extensive  change  because  of  decomposition  or  heat, 
whereby  the  soft  tissues  (including  the  skin)  no  longer  allow  reliable  conclusions 
to  be  drawn,  injuries  to  the  skeleton  provide  a  relatively  sound  basis  for  analysis. 

Bone  is  significantly  denser  and  harder  than  soft  tissue,  and  is  less  elastic.  De¬ 
pending  on  the  structure,  velocity  and  sectional  density  of  the  bullet  at  the  time  of 
impact,  changes  may  occur  in  the  bullet  itself  and  in  its  movement.  Contact  with 
bone  may  cause  a  projectile  to  tumble,  deform,  or  even  fragment,  resulting  in  a 
decrease  in  sectional  density  and  hence  in  an  increase  in  energy  transferred. 

As  with  entry  wounds  in  skin  (see  5. 1.3.1),  one  should  be  very  cautious  about 
trying  to  determine  the  calibre  of  the  bullet  from  the  diameter  of  an  entry  wound 
in  bone.  The  diameter  of  the  bullet  hole  in  bone  depends  on  a  large  number  of  pa¬ 
rameters,  such  as  the  thickness  and  hydroxyapatite  content  of  the  bone,  and  the 
calibre,  velocity,  structure,  material  and  angle  of  attack  of  the  bullet.  There  ap¬ 
pears  to  be  a  tendency  for  full  metal-jacketed  bullets  from  handguns  to  produce 
holes  smaller  than  their  calibre,  while  semi-jacketed  and  solid  lead  bullets  tend  to 
produce  holes  larger  than  their  calibre  (Berg  1955,  Klages  and  Weithoener 
1973,  Kuhl  and  Janssen  1977,  Kijewski  1979,  Rose  et  al.  1988,  Pollak  and 
Ritt  1992).  The  implication  of  this  is  that  if  one  is  asked  to  state  the  calibre  on  the 
basis  of  bullet  holes  in  bone,  one  should  give  no  more  than  a  rough  estimate  for 
guidance  (see  also  2.3.7). 

It  is  worth  mentioning  two  common  fallacies  related  to  the  effect  of  a  bullet  on 
bone:  Fallacy  No.  1:  Flandgun  bullets,  which  travel  more  slowly,  cause  smaller 
defects  in  bone  than  do  high-velocity  rifle  bullets,  which  cause  extensive  bone 
damage  (see  3.2.5  and  Fig.  3-36).  Fallacy  No.  2:  The  bone  fragments  created 
when  a  bullet  strikes  bone  act  as  secondary  projectiles  and  are  capable  of  causing 
significant  damage  (see  Fig.  3-39). 

If  a  bullet  strikes  a  flat  bone  (such  as  the  calvarium  or  shoulder  blade)  ap¬ 
proximately  at  right  angles,  one  can  normally  expect  to  see  a  simple  hole,  with  no 
significant  cracking.  The  amount  of  energy  that  the  bullet  loses  is  virtually  inde¬ 
pendent  of  its  impact  energy  and  is  very  low  (60  to  70  J).  The  energy  transferred 
is  used  primarily  to  create  the  hole  in  the  bone;  acceleration  of  bone  fragments  is  a 
secondary  effect.  If  we  assume,  for  instance,  that  half  the  energy  transferred  from 
the  bullet  as  it  passes  through  the  bone  is  used  to  break  through  the  bone  and  that 
the  other  half  is  used  to  accelerate  the  fragments,  and  that  approximately  10  frag¬ 
ments  are  created,  then  the  mean  energy  imparted  to  each  fragment  will  be 
approx.  3.5  J.  Furthermore,  the  bone  fragments  generally  have  such  low  masses, 
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that  they  are  unlikely  to  possess  any  significant  destructive  potential,  despite  the 
energy  transferred  to  them. 

The  amount  of  energy  transferred  to  a  hollow  bone  is  significantly  greater  (up 
to  approx.  300  J  in  the  case  of  a  rifle  bullet  passing  through  a  femur).  If  a  hollow 
bone  of  this  sort  is  hit  approximately  dead  centre  by  a  bullet  of  which  the  calibre 
is  less  than  the  diameter  of  the  bone,  fracture  is  caused  primarily  by  hydraulic 
pressure  in  the  bone  marrow.  The  bone  splinters  will  be  accelerated  both  in  the 
direction  of  the  shot  and  in  the  opposite  direction.  But  even  in  such  a  case,  the  en¬ 
ergy  transferred  to  the  bone  fragments  will  be  insufficient  to  accelerate  them  to 
the  point  at  which  they  cause  wound  channels  (see  argumentation  above). 

The  amount  of  energy  transferred  to  the  bone  depends  on  both  the  total  energy 
available  to  the  bullet  and  the  time  for  which  the  bullet  remains  near  the  bone. 
This  time  is  inversely  proportional  to  the  velocity  of  the  bullet,  i.e.  the  slower  the 
bullet,  the  more  time  it  has  to  transfer  its  energy  to  the  bone.  It  is  therefore  possi¬ 
ble  for  a  relatively  slow-moving  full  metal-jacketed  bullet  from  a  handgun  to 
cause  more  damage  to  a  bone  than  a  similar  rifle  bullet  travelling  at  a  higher  ve¬ 
locity. 

However,  if  one  looks  at  real-life  cases  where  bullets  have  caused  bone  dam¬ 
age,  we  often  do  find  bone  fragments  embedded  in  soft  tissue  around  the  wound 
channel.  As  we  mentioned  above,  the  bullet  breaks  fragments  out  of  the  bone,  and 
these  fragments  follow  the  bullet  into  the  temporary  cavity  before  coming  to  rest, 
often  at  some  distance  from  the  bone.  When  the  temporary  wound  cavity  col¬ 
lapses,  the  bone  fragments  are  enclosed  in  the  wound  pockets  as  they  form.  As  a 
result,  they  appear  to  lie  at  some  distance  from  the  actual  permanent  wound  chan¬ 
nel,  each  at  the  end  of  its  own  “wound  channel.”  The  above  is  confirmed  by  high¬ 
speed  images,  which  show  that  the  bone  fragments  follow  the  bullet  as  it  passes 
through,  rather  than  preceding  it.  They  in  fact  follow  the  bullet  along  the  vacuum 
left  by  the  temporary  cavity  as  it  develops. 

A  somewhat  different  mechanism  may  come  into  play  in  the  case  of  larger 
bone  fragments.  Here,  contact  with  the  bullet  may  cause  a  piece  of  bone  to  sepa¬ 
rate  from  the  bone  itself  as  if  attached  by  a  hinge.  Such  fragments  may  then  be 
pressed  into  the  soft  tissue  immediately  adjacent  to  the  bone.  Even  here,  however, 
the  term  “secondary  projectile”  would  not  appear  to  be  appropriate. 

5. 1.7. 2  Flat  bones 

Flat  bones  have  a  solid  structure,  because  of  their  dense,  compact  layers.  The 
compact  layers  are  separated  by  cancellous  bone,  a  dense,  interconnected  system 
of  fibres  forming  the  diploes.  Flat  bones  are  to  be  found  primarily  in  the  skull,  the 
shoulder  blades,  the  sternum  and  the  iliac  fossae. 

A  bullet  passing  through  a  flat  bone  generally  punches  a  hole  in  its  outer  sur¬ 
face.  The  edges  of  the  hole  are  clearly  defined,  and  the  entry  hole  will  be  circular 
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or  elliptical,  depending  on  the  angle  at  which  the  bullet  strikes.  On  the  exit  side  of 
the  bone,  one  will  observe  a  funnel-shaped  defect,  wider  in  the  direction  of  the 
shot,  which  is  created  by  displacement  of  matter. 

Exceptions  do  arise  in  very  rare  cases,  e.g.  funnel-shaped  widening  of  the  de¬ 
fect  may  be  observed  on  what  is  known  to  be  the  entry  side  of  the  bone.  In  the 
case  of  one  autopsy  performed  by  the  author,  the  outer  surface  of  the  bone  dis¬ 
played  funnel-shaped  widening  on  the  side  from  which  the  shot  had  come,  an  ef¬ 
fect  for  which  the  author  not  able  to  account  with  any  degree  of  certainty.  It  is 
possible  that  the  structure  of  the  bullet  (possibly  the  jacket)  was  primarily  respon¬ 
sible  (Fritz  1933,  Coe  1982,  Petersen  1991,  Bhoopat  1995).  If,  however,  the 
entry  hole  in  the  outer  surface  of  the  bone  displays  a  funnel-shaped  opening  on 
one  edge  only,  this  may  be  because  the  projectile  has  struck  the  bone  at  an  angle. 
If  a  bullet  strikes  the  skull  at  an  obtuse  angle,  pieces  of  bone  will  be  chipped  out 
of  the  edge  of  the  entry  wound  furthest  from  the  weapon,  resulting  in  funnel- 
shaped  widening  of  the  entry  hole  on  that  edge.  The  edge  of  the  entry  hole  nearest 
to  the  weapon  will  look  as  if  it  has  been  punched  out.  If  we  observe  the  bone  de¬ 
fect  orthogonally,  it  will  appear  to  take  the  form  of  a  keyhole  (Meixner  1923, 
Meixner  and  Werkgartner  1928,  Weimann  1931,  Mayer  1932). 

The  calvarium  (“skull-cap”)  consists  of  a  relatively  large,  contiguous  surface 
made  up  of  flat  bones.  If  the  skull  has  suffered  multiple  hits,  under  favourable 
conditions  it  is  possible  to  work  out  the  order  in  which  the  shots  were  fired. 
Puppe's  rule  (named  after  G.  Puppe)  is  obvious  from  a  physical  point  of  view. 
This  rule  states  that  the  bursting  fracture  lines  emanating  from  a  later  bullet  hole 
cannot  cross  those  emanating  from  an  earlier  hole  (see  Fig.  5-9).  This  may  enable 
one  to  distinguish  between  entry  and  exit  wounds,  as  the  speed  at  which  the 
bursting  fracture  lines  propagate  is  greater  than  that  at  which  the  bullet  is  moving 
(Madea  et  al.  1987,  Konig  and  Schmidt  1989). 

5. 1.7. 3  Long  hollow  bones 

Hollow  bones  consist  of  a  tube  of  bone,  with  the  wall  being  made  up  of  quite  solid 
cortical  bone.  This  tube  contains  cancellous  bone.  This  in  turn  contains  the  bone 


Fig.  5-9.  Puppe's  rule,  demonstrated 
on  a  model  head.  The  radial  fracture  lines 
from  the  second  shot  end  at  those  from 
the  first. 
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marrow,  especially  in  the  area  of  the  shaft.  From  a  ballistics  point  of  view,  bone 
marrow  behaves  almost  like  a  fluid.  The  long  hollow  bones  are  found  primarily  in 
the  limbs. 

Bullets  generally  cause  drill  hole  or  butterfly  fractures,  but  any  other  type  of 
fracture  is  also  possible,  including  comminuted  fractures  (FIuelke  and  Darling 
1964,  Rose  etal.  1988). 

As  far  as  identification  of  the  direction  of  shot  is  concerned,  the  compact  com¬ 
ponents  of  the  bone  (the  “tube”)  behave  like  flat  bones:  the  entry  hole  looks  as  if  it 
has  been  punched  out,  while  the  exit  hole  widens  in  the  form  of  a  funnel.  FIow- 
ever,  this  is  not  often  observed,  as  a  bullet  passing  through  the  bone  somewhere 
near  the  centreline  creates  hydraulic  pressure  in  the  bone  marrow,  and  it  is  this 
pressure  that  actually  causes  the  bone  to  fracture.  The  entry  and  exit  holes  leave  a 
number  of  fragments,  which  make  it  difficult  or  impossible  to  decide  which  is 
which. 

5. 1.7. 4  Vertebrae 

From  a  wound  ballistics  point  of  view,  the  reaction  of  vertebrae  to  the  passage  of 
a  bullet  (and  likewise  of  the  calcaneus  and  parts  of  the  pelvis)  lies  between  that  of 
flat  bones  and  of  long  hollow  bones.  It  is  often  possible  to  determine  the  track  of 
the  wound  channel  from  the  funnel-shaped  expansion  of  the  defect  in  the  direction 
of  the  bullet. 

5.1.8  Peculiarities  of  shotgun  wounds 
5. 1.8.1  General 

The  discussion  concerning  wound  ballistics  above  also  applies  to  shotgun  blasts. 
Flowever,  the  wounds  caused  may  differ  significantly  from  those  caused  by  bul¬ 
lets.  The  volume  of  a  shotgun  barrel  is  comparatively  large,  and  the  ammunition 
may  consist  either  of  individual  pellets  with  a  filler  or  of  a  slug.  After  leaving  the 
barrel  (which  is  smooth  and  may  include  a  choke),  the  shot  sheaf  spreads  out  lon¬ 
gitudinally  and  radially.  The  rate  at  which  it  does  so  depends  on  the  filler  used, 
e.g.  plastic  cup  or  plastic  crosspiece.  After  approximately  6  m,  the  sheaf  has  fully 
separated.  Being  spherical,  the  individual  pellets  lose  energy  very  rapidly,  so  the 
penetration  depth  in  the  human  body  of  a  pellet  from  a  conventional  hunting  car¬ 
tridge  decreases  quickly  with  distance.  At  distances  of  approx.  15  to  20  metres, 
relatively  small  pellets  penetrate  no  further  than  the  boundary  between  subcutane¬ 
ous  fatty  tissue  and  muscle  if  the  victim  is  wearing  light  to  medium  clothing.  If 
the  pellets  are  larger  (i.e.  4  mm  or  more  in  diameter),  they  will  penetrate  signifi¬ 
cantly  further,  and  may  reach  the  internal  organs.  If  buckshot  is  used  (8  to  16  pel¬ 
lets  per  cartridge),  significant  and  even  lethal  wounding  may  occur  even  at  greater 
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distances.  As  the  cohesion  of  the  shot  sheaf  plays  a  decisive  role  in  the  wound 
ballistics  of  shotgun  ammunition,  wounding  potential  depends  to  a  large  degree  on 
the  type  of  ammunition  used  and  the  design  of  the  barrel  (length,  whether  it  has 
been  sawn  off  and  whether  it  is  choked).  See  Fig.  4-38  for  details  of  effects. 

5. 1.8.2  Morphology  of  entry  wounds 

The  morphology  of  the  entry  wound  is  very  different  from  that  caused  by  a  bullet. 
On  the  basis  of  their  studies  and  systematic  observations,  BREITENECKER  (1967, 
1969,  1973),  Sellier  (1982)  and  Jauhari  et  al.  (1983)  have  all  described  the 
particular  features  associated  with  the  penetration  of  a  large  number  of  pellets, 
either  as  a  sheaf  or  as  individual  but  closely-spaced  pellets.  The  latter  is  of  par¬ 
ticular  significance  in  determining  the  distance  from  which  a  shot  was  fired,  as  it 
is  possible  to  conduct  test  shots  and  measure  the  spread  of  the  pellets  at  a  given 
distance  (see  Fig.  4-38). 

Qualitatively  speaking,  the  results  of  a  contact  shot  with  a  shotgun  generally 
differ  little  from  those  of  a  bullet.  Flowever,  the  effects  are  generally  more  intense 
and/or  more  extensive.  Filler  (felt  wads,  plastic  cup,  plastic  crosspiece,  etc.)  will 
be  found  in  the  wound. 

At  distances  of  up  to  approx.  1  m,  the  wound  will  be  up  to  approx.  5  cm  in 
diameter,  and  from  approximately  30  to  40  cm  onwards,  the  wound  will  clearly 
have  a  jagged  edge,  indicating  that  "fliers”  have  begun  to  separate  from  the  shot 
sheaf.  The  wound  may  still  contain  filler,  depending  on  the  ammunition  used  and 
the  distance.  At  distances  of  approximately  1  to  3  m,  the  fliers  become  more  dis¬ 
tinct.  The  components  of  the  filler  will  only  very  rarely  enter  the  wound  at  this 
distance,  but  do  still  have  enough  energy  to  graze  or  tear  the  skin  in  the  vicinity  of 
the  wound.  Occasionally,  a  piece  of  filler  will  perforate  the  skin  and  penetrate 
slightly. 

At  distances  of  approx.  3  m  and  above,  the  morphology  of  the  entry  wound  de¬ 
pends  to  a  very  large  degree  on  the  characteristics  of  the  weapon  and  the  ammu¬ 
nition  (choke/half-choke/no  choke,  pellet  size  and  filler).  The  degree  to  which  the 
pellets  scatter  and  penetrate  various  considerably.  At  distances  of  about  5  to  10  m 
and  above,  one  generally  observes  an  impact  area,  within  which  it  is  possible  to 
distinguish  the  individual  pellets  (see  Fig.  5-10).  Being  un-aerodynamic,  the  filler 
materials  generally  do  not  reach  the  victim  at  these  ranges. 

With  the  exception  of  buckshot,  the  pellets  have  a  low  mass  and  hence  a  low 
sectional  density.  Penetration  is  therefore  limited.  As  a  result,  conventional  shot¬ 
gun  ammunition  does  not  usually  cause  an  exit  wound. 

5.1. 8.3  Internal  morphology  of  shotgun  wounds 

At  close  range,  where  the  pellets  still  constitute  a  cohesive  sheaf  when  they  pene¬ 
trate  the  skin,  a  mechanical  effect  occurs  that  is  known  as  the  "billiard  ball  effect.” 
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Fig.  5-10.  Shotgun  wound  (buckshot).  Distance: 
approx.  12  m.  See  Fig.  4-37  for  the  effects  of  a 
shotgun  at  close  range. 


When  the  leading  pellets  are  slowed  by  contact  with  a  dense  medium  such  as  skin, 
the  pellets  behind  catch  up.  The  pellets  collide,  and  deflect  each  other.  This  causes 
the  pellets  to  scatter  much  more  pronouncedly  inside  the  body  than  outside,  in  a 
conical  pattern.  If  we  ignore  slugs  (POLLAK  1990)  and  larger  calibres  of  buckshot 
(e.g.  12/76),  it  is  this  effect  that  determines  the  wounding  potential  of  a  shotgun  at 
close  range.  The  sheaf  and  the  billiard  ball  effect  cause  a  huge  wound  cavity,  with 
extensive  damage  to  blood  vessels.  If  organs  are  affected,  they  will  exhibit  tearing 
and  shredding. 

In  the  case  of  contact  shots,  the  relatively  large  volume  of  the  barrel,  the  quan¬ 
tity  of  propellant  and  the  comparatively  large  entry  wound  mean  that  large  quan¬ 
tities  of  expanding  propellant  gases  will  be  projected  into  the  wound,  in  addition 
to  the  pellets  or  slug.  This  may  generate  additional  pressure  effects,  especially  in 
the  case  of  the  head. 

5.1 .9  Causes  of  death  and  incapacitation 
5. 1.9.1  Causes  of  death 

In  principle,  the  fatal  effects  of  a  gunshot  wound  are  no  different  from  those  of 
other  forms  of  mechanical  violence  in  which  an  object  penetrates  the  human  body. 
Depending  on  the  area  of  the  body  affected,  there  are  two  types  of  lethal  effect:  1. 
Direct,  mechanical  destruction  of  important  regions  of  the  brain.  2.  Failure  of  the 
brain  to  function  because  blood  loss  has  deprived  the  brain  of  oxygen. 

1.  If  the  parts  of  the  central  nervous  system  responsible  for  controlling  breath¬ 
ing  and  circulation  are  destroyed,  central  regulatory  failure  (brain  death)  is  to  be 
expected.  Flowever,  it  is  also  possible  for  sensitive  parts  of  the  brain  to  undergo 
compression  in  the  foramen  magnum  because  of  gunshot  wounds  to  other  parts  of 
the  brain  causing  swelling  or  releasing  blood  into  the  cranium. 
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2.  If  the  gunshot  wound  damages  blood  vessels  and/or  organs  that  contain  large 
quantities  of  blood,  then  significant  blood  loss  -  exanguination  (haemorrhagic 
shock)  -  may  lead  to  internal  suffocation  and  hence  to  brain  death  (cerebral  is¬ 
chaemia). 

An  air  embolism  is  another,  albeit  rarer  phenomenon.  When  a  person  is  stand¬ 
ing,  there  is  a  negative  pressure  in  the  veins  above  the  heart.  If  a  peripheral  wound 
to  the  head  or  neck  of  a  person  who  is  standing,  sitting  upright  or  squatting  opens 
up  larger  blood  vessels,  such  as  the  jugular  vein  or  the  venous  cranial  blood  ves¬ 
sels,  air  from  outside  may  be  sucked  into  those  vessels.  Air  then  collects  in  the 
right  half  of  the  heart  and  the  heart  muscles  contract  around  this  air,  without  suffi¬ 
cient  blood  being  pumped  towards  the  lungs.  This  results  in  failure  of  the  right 
side  of  the  heart.  According  to  the  literature,  70  to  130  ml  of  air  is  sufficient  to 
cause  a  fatal  embolism. 

Inhalation  of  blood  is  a  much-feared  complication  associated  with  gunshot 
wounds  to  the  neck  and  face.  If  the  victim  remains  in  the  prone  position,  inca¬ 
pacitated,  either  because  he  is  unconscious  or  has  suffered  other  injuries,  or  for 
any  other  reason,  blood  from  injuries  to  the  visceral  cranium  may  flow  into  the 
pharynx,  or  blood  from  damaged  blood  vessels  in  the  neck  may  flow  into  the 
damaged  trachea.  This  may  result  in  death  by  suffocation  -  the  victim  “drowns”  in 
his  or  her  own  blood. 

Fatal  blood  poisoning  (septic  shock)  originating  from  serious  infection  to  a 
wound  is  a  further  complication  that  may  arise  after  the  victim  has  initially  sur¬ 
vived  the  shooting.  As  we  saw  in  3.2.6,  a  bullet  is  not  sterilized  by  the  process  of 
being  fired,  and  indeed  will  accumulate  additional  germs  as  it  passes  through 
clothing  and  skin.  These  germs  are  then  introduced  into  the  wound.  As  the  perma¬ 
nent  wound  channel  is  surrounded  by  an  extravasation  zone  containing  torn  blood 
vessels  (see  Fig.  3-19),  the  germs  encounter  an  ideal  environment:  a  warm,  moist 
matrix  filled  with  devitalized,  destroyed  tissue,  where  circulation  is  poor,  and 
where  antibiotics  penetrate  only  slowly,  on  account  of  damage  to  the  capillaries.  If 
it  is  not  possible  to  control  the  local  infection,  the  rest  of  the  circulatory  system 
rapidly  becomes  affected  (septicaemia),  followed  by  fatal  septic  multiple  organ 
failure. 

Laypersons  frequently  raise  the  question  of  “death  by  shock,”  i.e.  the  idea  that 
a  bullet  to  a  particular  part  of  the  body  can  cause  instant  death.  In  medical  termi¬ 
nology,  “shock”  is  in  fact  circulatory  shock,  defined  in  PSCHYREMBEL  2007  as 
acute  to  sub-acute  progressive  and  general  circulatory  failure.  This  can  be  caused 
by  a  reduction  in  blood  volume  in  the  circulatory  system  (hypovolaemic  shock), 
heart  failure  (cardiogenic  shock),  blood  poisoning  (septic  shock),  an  allergy  (ana¬ 
phylactic  shock)  or  a  neurogenic  disturbance  to  the  regulation  of  the  blood  vessels 
(neurogenic  shock). 

From  the  point  of  view  of  medicine,  and  especially  forensic  medicine,  there  are 
grounds  for  considerable  scepticism  regarding  the  concept  of  “immediate  death  by 
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shock  following  gunshot  wound  that  does  not  damage  directly  vital  structures,” 
particularly  as  there  have  so  far  been  no  properly  documented  cases  in  which  such 
a  cause  of  death  was  established  on  a  solid  scientific  basis.  If  one  looks  at  stories 
of  persons  dying  of  shock  -  most  of  which  are  battlefield  accounts  from  soldiers  - 
one  quickly  starts  to  doubt  the  testimony  of  witnesses,  and  reliable  autopsy  results 
(including  histology)  are  usually  missing  as  well.  On  the  other  hand,  one  cannot 
ignore  the  results  of  the  experiments  regarding  the  stimulation  of  nerves  by  shock 
waves  (see  4. 3. 2. 3). 

To  date,  true  “death  by  shock”  in  the  above  sense  has  been  proven  only  in  the 
case  of  animals  up  to  the  size  of  a  deer  (the  most  common  animal  concerned  being 
the  rabbit)  and  even  then,  all  cases  involved  the  use  of  shot  from  a  shotgun.  If,  for 
instance,  a  rabbit  is  hit  by  3  mm  shot  at  a  range  of  approx.  40  m,  it  will  tumble 
and,  at  least,  will  lie  motionless,  incapable  of  moving.  If  the  rabbit  is  dissected,  or 
opened  up  by  the  hunter,  one  finds  that  all  the  pellets  are  just  under  the  skin  and 
that  none  has  entered  the  body  cavities  or  touched  the  organs.  There  is  generally 
no  lethal  injury  (brain  injury  or  exanguination,  for  instance).  A  similar  reaction  by 
a  human  being  to  pellet  injuries  of  this  sort  has  not  been  observed  to  date. 

5. 1.9. 2  Incapacitation 

Whether  a  person  was  incapacitated  after  being  hit  by  one  or  more  bullets  depends 
on  the  factors  regarding  the  effect  and  effectiveness  of  bullets  discussed  in  4.1. 
Only  when  it  is  clear  from  a  post-mortem  examination  which  body  structures  were 
damaged,  and  in  what  way,  and  when  sufficient  information  is  available  regarding 
traces  of  blood,  the  position  of  the  body  and  any  bullet  damage,  will  it  be  possible 
to  say  whether  the  person  was  incapacitated. 

There  is  no  standard  definition  of  incapacitation.  Given  the  different  view¬ 
points,  this  is  hardly  surprising  (Walcher  1929,  Petersohn  1967,  Karger 
1995a).  For  a  marksman,  it  is  important  to  know  which  parts  of  a  hostage-taker’s 
body  he  must  hit,  for  instance,  in  order  to  be  sure  that  he  will  not  be  able  to  stab 
his  victim  or  pull  the  trigger.  In  investigating  a  murder,  on  the  other  hand,  the 
point  of  interest  is  whether,  for  instance,  a  person  was  capable  of  moving  a  certain 
distance,  hiding  an  object  or  shouting  to  someone  after  being  hit. 

How  an  injury  affects  a  person’s  consciousness  and  reactions  depends  on  sev¬ 
eral  factors.  The  main  psychological  factors  are  the  degree  to  which  the  victim 
expects  to  be  hit,  their  degree  of  excitation  and  any  psychoactive  substances  or 
stimulants  they  may  have  taken.  Clearly,  it  will  often  be  difficult  or  impossible  to 
take  account  of  these  factors  when  determining  whether  a  person  was  incapaci¬ 
tated,  or  when  predicting  the  likelihood  of  incapacitation  in  a  future  situation.  By 
contrast,  it  is  somewhat  easier  to  determine  whether  the  victim  was  incapacitated 
from  physical  evidence.  If  we  are  interested  in  knowing  whether  a  person  was  ca¬ 
pable  of  specific,  individual  acts,  the  morphology  and  position  of  injuries  will 
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generally  answer  the  question  (wounds  to  the  limbs,  the  spinal  cord,  etc.)-  If  we 
wish  to  assess  general  incapacitation,  i.e.  for  how  long  a  person  remained  capable 
of  any  kind  of  coordinated  movement,  or  the  point  at  which  one  could  assume  he 
or  she  became  completely  incapacitated,  we  need  to  assess  the  degree  to  which  the 
central  nervous  system  was  capable  of  functioning.  Absolute  incapacitation  can 
only  be  caused  by  two  mechanisms:  stopping  the  central  nervous  system  from 
functioning  directly,  or  stopping  it  functioning  indirectly,  via  blood  loss. 

The  time  factor  is  of  great  significance  in  relation  to  the  deactivation  of  the 
central  nervous  system.  The  delay  between  the  shot  and  total  incapacitation  de¬ 
pends  from  the  part  of  the  body  affected.  Karger  and  Brinkmann  (1997)  divide 
incapacitation  into  three  time  categories,  and  relate  these  to  the  area  that  has  suf¬ 
fered  the  injury:  1.  Immediate  incapacitation.  2.  Rapid  incapacitation.  3.  Delayed 
incapacitation. 

One  can  only  assume  immediate,  absolute  incapacitation  in  the  case  of  signifi¬ 
cant  injury  to  the  brain  or  medulla  oblongata  where  the  head  meets  the  neck.  Im¬ 
mediate  incapacitation  requires  the  destruction  of  large  parts  of  the  brain  or  vital 
parts  of  the  central  nervous  system,  such  as  stem  ganglions,  midbrain,  interbrain, 
cerebellum,  brain  stem,  pons  or  medulla  oblongata. 

If  the  above  regions  escape  injury,  the  victim  may  survive  a  gunshot  wound  to 
the  head,  at  least  initially.  There  have  even  been  cases  in  which  the  victim  re¬ 
mained  capable  of  voluntary  action  despite  a  gunshot  wound  to  the  brain.  How¬ 
ever,  these  rare  cases  only  involved  injury  to  the  frontal  lobe  or  a  temporal  lobe, 
and  the  relatively  low  energy  and  energy  release  of  the  bullet  meant  that  it  was  not 
capable  of  causing  damage  to  areas  outside  the  permanent  wound  channel  via 
shear  or  stretching  forces  (e.g.  Smith  1943,  Krauland  1952,  Fryc  and 
Krompecher  1979,  Bratzke  et  al.  1985,  Rothschild  2000).  In  an  analysis  of 
38  cases  where  victims  of  bullet  wounds  to  the  cranium  initially  remained  capable 
of  voluntary  action,  Karger  (1995b)  established  that  34  cases  involved  the  use  of 
pocket  pistols,  small-calibre  bullets  or  6.35  mm  and  7.65  mm  full  metal-jacketed 
bullets.  An  additional  factor  is  that  in  many  cases  the  ammunition  used  had  been 
obtained  illegally  and  was  out  of  date,  which  meant  that  the  propellant  had  lost 
some  of  its  power.  However,  it  is  possible  for  the  victim  to  survive  a  rifle  bullet 
wound,  if  the  entire  wound  channel  lies  within  the  narrow  channel.  This  may  be 
the  case  where  the  shot  was  fired  from  a  great  distance  (see  6.3.2,  Case  C)  or  from 
just  a  few  centimetres  (from  cases  studied  by  Berne  University’s  Institute  of  Fo¬ 
rensic  Medicine,  see  5. 3. 2. 3  on  suicide  and  attempted  suicide). 

In  the  latter  case,  the  bullet  enters  the  head  before  the  gases  emerging  from  the  barrel  can  initiate 
precession  and  nutation.  This  results  in  a  very  long  narrow  channel.  The  gap  between  muzzle  and 
head  allows  muzzle  pressure  to  dissipate  to  the  sides,  without  entering  the  skull. 

Rapid  absolute  incapacitation  in  the  case  of  indirect  deactivation  of  the  central 
nervous  system  is  to  be  expected  in  the  case  of  injuries  to  the  heart  or  other  major, 
central  blood  vessels  such  as  the  main  branch  of  the  pulmonary  artery  or  the  aorta. 
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Here,  the  rapid  loss  of  blood  leads  to  a  shortage  of  blood  -  and  hence  of  oxygen  - 
in  the  brain,  resulting  in  unconsciousness  followed  by  brain  death.  Leaving  aside 
other  elements  (psychological  factors,  drugs,  alcohol,  etc.),  even  complete  de¬ 
struction  of  the  heart  or  severing  of  the  aorta  leaves  a  few  second's  oxygen  reserve 
in  the  brain,  which  means  that  the  victim  will  not  necessarily  become  incapaci¬ 
tated  or  lose  consciousness  immediately.  The  literature  reports  numerous  cases  in 
which  fatal  gunshot  wounds  opened  up  both  sides  of  the  heart,  or  opened  the  left 
side  radically,  and  yet  left  the  victim  capable  of  walking  a  number  of  metres,  re¬ 
loading  a  weapon  or  even  firing  a  number  of  shots  (e.g.  Schrader  1942,  Hudson 
1981,  Marsh  et  al.  1989,  Missliwetz  1990,  Karger  and  Brinkmann  1997).  In 
a  case  known  to  the  author,  a  9  mm  Luger  full  metal-jacketed  bullet  passed 
through  the  left  side  of  the  heart.  The  victim  was  a  muscular  young  man  who 
worked  as  a  nightclub  bouncer.  Despite  his  injury,  he  was  capable  of  calling  out  to 
his  friends  and  walking  some  20  m  at  a  brisk  pace  before  collapsing. 

Delayed  incapacitation  is  most  often  associated  with  injuries  to  organs  and  to 
vital  arteries  (those  of  the  organs,  together  with  arteries  of  the  limbs  located  close 
to  the  trunk).  It  may  take  several  minutes  for  the  victim  to  lose  consciousness, 
even  if  organs  have  been  completely  pierced,  the  delay  depending  on  the  number 
of  wounds  and  the  structures  affected.  Here  again,  the  mechanism  is  that  of  indi¬ 
rect  deactivation  of  the  brain  resulting  from  blood  loss. 

5.1.10  Particular  projectiles 
5.1.10.1  Gas-powered  weapons 

Gas-powered  weapons  fire  projectiles  weighing  approximately  0.5  g  (diabolo, 
pointed  or  round  pellets)  using  pressurized  gas  -  air,  carbon  dioxide  or  nitrogen. 
The  pressure  is  generated  either  by  mechanical  work  (i.e.  compression,  or  cocking 
the  weapon)  or  taken  from  a  reservoir.  Pistols  deliver  muzzle  velocities  of  50  to 
150  m/s,  rifles  170  to  300  m/s  or  more. 

Under  German  legislation,  the  energy  of  the  projectile  may  not  exceed  7.5  J.  This  restricts  muzzle 
velocity  to  about  175  m/s. 

A  pellet  striking  clothed  skin  is  unlikely  to  cause  any  significant  injury.  Local 
bruising  may  be  observed,  however,  occasionally  accompanied  by  superficial  re¬ 
moval  of  the  epithelium  resulting  from  abrasion  via  the  clothing.  Airgun  pellets 
are  capable  of  penetrating  clothing  at  close  range,  however.  A  round  or  diabolo 
pellet  striking  the  unprotected  skin  at  90°  will  cause  reddening  and  superficial 
grazing  because  of  the  crushing  effect  of  the  projectile  on  the  epithelium.  Ac¬ 
cording  to  Missliwetz  (1987),  the  minimum  velocity  at  which  a  gas-powered 
projectile  will  penetrate  the  skin  is  approximately  lOOm/s  (see  4. 2. 1.2  and  Ta¬ 
bles  4-11,  4-12  and  4-13).  This  means  that  if  a  pointed  projectile  strikes  the  skin  at 
90°,  or  a  diabolo  pellet  strikes  the  skin  with  the  sharp  edge  leading,  they  can  com- 
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pletely  pass  through  the  skin  and  penetrate  deep  into  the  body,  on  account  of  their 
relatively  high  sectional  density.  The  degree  of  penetration  will  depend  on  the 
area  of  skin  concerned.  Serious  and  even  fatal  injuries  have  been  described  (e.g. 
Markert  and  Romer  1973,  Harris  et  al.  1983,  Wascher  and  Gwinn  1995, 
Bond  et  al.  1996,  Naude  and  Bongart  1996). 

5.1.10.2  Alarm  pistols  and  weapons  firing  irritants 

For  many  years,  alarm  pistols  were  seen  as  “harmless  toys.”  Such  weapons  are 
particularly  common  in  Germany.  They  are  intended  purely  for  self-defence,  but 
generally  look  exactly  like  real  firearms.  Their  mode  of  operation  is  based  on  that 
of  the  weapons  they  imitate.  The  blank  or  irritant  cartridges  used  in  such  weapons 
do  not  contain  a  projectile.  As  we  saw  in  4.2.3,  however,  it  is  not  true  to  say  that 
nothing  comes  out  of  the  muzzle  when  an  alarm  pistol  is  discharged.  The  gases 
leave  the  muzzle  at  a  high  velocity.  They  hence  have  a  high  energy  flow  density 
and  deliver  significant  kinetic  energy  on  striking  the  body. 

If  the  muzzle  is  in  contact  with  the  skin,  and  at  distances  of  up  to  approxi¬ 
mately  1  cm,  the  jet  is  capable  of  penetrating  the  skin  and,  depending  on  the  part 
of  the  body,  may  reach  the  soft  tissue  underneath.  Wounding  potential  depends 
not  only  on  the  part  of  the  body  concerned  but  also  on  the  length  of  the  barrel  and 
on  the  ammunition  used. 

The  visible  effects  of  a  contact  shot  with  an  alarm  pistol  are  the  same  as  those 
of  a  contact  shot  from  a  real  weapon.  The  central  hole  may  be  round  or  irregular, 
the  black  “bullet  wipe”  is  caused  by  the  outer  boundary  of  the  gas  jet  as  it  pene¬ 
trates,  the  “contusion  ring”  is  caused  by  the  edges  of  the  gas  jet  being  pushed 
outwards,  which  displaces  the  epithelium,  and  the  “margin  of  distension”  are 
often  imitated  by  subsequent  bleeding  beneath  the  skin. 

Contact  shots  from  an  alarm  pistol  to  soft  skin  tissue  supported  by  flat  bone 
often  leave  an  imprint  similar  to  that  of  a  bullet  wound.  This  effect  will  be  espe¬ 
cially  pronounced  if  the  gas  jet  does  not  break  through  the  underlying  bone,  and 
no  gas  enters  the  skull.  All  the  gas  generated  by  the  propellant  undermines  the  soft 
tissue,  separating  it  from  the  outer  surface  of  the  bone.  Even  the  periosteum, 
which  is  firmly  bonded  to  the  bone,  is  often  separated  and  displaced.  This  results 
in  a  clear  gas  cavity,  often  accompanied  by  an  impressive  imprint.  Unlike  bullet 
wounds,  wounds  from  blank  ammunition  often  leave  imprints  even  in  areas  where 
the  skin  is  not  supported  by  flat  bone  (see  Fig.  5-11).  Here  again,  the  reason  is  that 
there  is  no  wound  channel  into  which  the  gases  can  escape,  leaving  them  to 
expand  in  the  tissue  under  the  opening  in  the  skin  that  they  have  caused.  As  a  re¬ 
sult,  the  tissue  is  briefly  “inflated”  and  the  skin  pressed  up  against  the  muzzle, 
causing  radial  abrasion. 
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Fig.  5-11.  Contact  shots  with  blank  ammunition 
fired  from  different  alarm  pistols,  showing  clear 
imprints  on  the  neck.  The  muzzle  impression  is 
also  visible  on  skin  overlying  soft  tissue. 


If  it  penetrates  the  body,  a  gas  jet  has  sufficient  energy  to  injure  soft  tissue  such 
as  fat  and  muscle,  and  if  the  barrel  is  short  and  the  cartridge  contains  enough  pro¬ 
pellant,  it  can  cause  damage  to  organs  and  break  through  thin  bones.  ROTHSCHILD 
(1999)  contains  an  overview  and  a  collection  of  cases.  The  wound  cavity  consists 
of  tissue  that  has  been  destroyed  by  pressure  and  heat,  torn  and  devitalized.  Other 
than  in  the  case  of  shots  to  the  skull,  when  penetration  of  the  brain  by  the  gas  jet 
can  cause  brain  death,  the  most  common  cause  of  death  is  peripheral  circulatory 
collapse  resulting  from  exanguination. 

At  distances  of  a  few  centimetres,  the  gas  jet  is  usually  no  longer  capable  of 
penetrating  the  skin.  The  main  effects  seen  here  are  those  of  propellant  particles 
embedded  in  the  skin  and  heat  effects  from  primary  flash  (see  2. 3. 3. 2).  The  latter 
are  caused  by  propellant  that  is  still  burning.  By  contrast,  secondary  flash  (the  ig¬ 
nition  of  propellant  gases  on  combining  with  atmospheric  oxygen)  plays  no  sig¬ 
nificant  role  in  the  case  of  alarm  pistols.  At  short  range,  foreign  bodies  can  also 
cause  a  “tattoo”  effect.  Depending  on  the  distance  between  muzzle  and  skin,  the 
length  of  the  barrel  and  the  quantity  of  propellant,  the  gas  jet  may  have  a  velocity 
of  over  3,000  m/s  (see  Figs  4-22  and  4-23),  which  is  sufficient  to  force  propellant 
particles  into  the  dermis.  Even  at  several  tens  of  centimetres,  there  is  a  risk  of 
propellant  particles  causing  irreversible  damage  to  the  unprotected  eye. 

5.1.10.3  Arrow  wounds 

Descriptions  of  injuries  and  fatalities  due  to  arrows/quarrels  from  longbows  and 
crossbows  are  plentiful  in  the  literature.  Karger  (2003)  contains  an  overview. 
Because  of  the  actions  needed  to  use  a  longbow  (and,  to  some  extent,  a  crossbow) 
the  vast  majority  of  cases  involve  accidents  and  deliberate  killings,  with  self- 
inflicted  wounds  being  the  exception. 

The  penetration  mechanism  is  equivalent  to  stabbing.  If  the  arrowhead  also  has 
lateral  blades  (e.g.  the  three-bladed  broad-head),  there  will  also  be  a  cutting  effect. 
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In  contrast  to  the  effects  of  projectiles  from  firearms,  cutting  and  piercing  play  the 
primary  role,  with  that  of  blunt  force  being  secondary.  Skin  and  tissue  undergo 
splitting  rather  than  crushing.  The  morphology  of  the  wound  is  therefore  similar 
to  that  of  a  stab  or  slash  wound. 

Their  length  and  form  give  arrows  very  good  ballistic  characteristics.  The  mass 
of  the  shaft  can  give  the  tip  a  high  sectional  density.  As  a  result,  arrows  can 
penetrate  deep  into  the  body,  and  can  easily  pass  through  organs,  major  blood 
vessels,  cartilage  and  flat  bones.  Bone  slows  down  an  arrow  considerably,  and 
arrows  generally  come  to  rest  in  more  compact  bone,  such  as  vertebrae.  Although 
the  kinetic  energy  of  an  arrow  is  considerably  less  than  that  of  a  handgun  bullet, 
an  arrow  can  cause  a  wound  channel  of  comparable  length  if  it  only  passes 
through  soft  tissue.  However,  the  wound  channel  will  be  limited  to  the  area  in 
direct  contact  with  the  arrowhead  or  shaft.  No  significant  temporary  cavity  is  to  be 
expected,  and  there  is  no  significant  shock  wave  effect. 

The  form  of  the  entry  wound  will  vary  according  to  the  shape  of  the  arrow¬ 
head.  Field  tips  are  simply  sharpened  at  the  front,  in  various  ways,  with  no  parts 
projecting  beyond  the  perimeter  of  the  shaft.  Such  arrows  can  easily  create  some¬ 
thing  resembling  a  contusion  ring  by  abrasion  between  the  shaft  and  the  skin 
(Missliwetz  and  Wieser  1985,  Hain  1989).  If  the  arrowhead  also  has  lateral 
blades  (e.g.  in  the  case  of  a  broad-head),  it  will  also  make  lateral  cuts,  which  can 
at  first  sight  look  very  similar  to  stab  wounds  (Karger  et  al.  2004). 

As  with  other  cases  in  which  an  object  penetrates  the  body,  the  cause  of  death 
is  usually  peripheral  circulatory  collapse  resulting  from  loss  of  blood.  There  may 
be  a  delay  before  this  occurs  if  the  arrow  remains  in  the  body  and  hence  plugs  the 
wound  channel.  If  the  arrow  passes  through  the  heart,  it  may  physically  prevent 
the  heart  muscle  from  operating  and  hence  preventing  the  heart  from  pumping 
blood.  Central  regulatory  failure  is  to  be  expected  if  an  arrow  hits  the  medulla.  As 
for  gunshot  wounds,  infection  may  cause  death  at  a  later  stage. 

5.1.10.4  Captive  bolt  pistols  and  bolt-firing  tools 

A  captive  bolt  pistol  is  a  device  used  to  slaughter  animals  in  an  abattoir.  A  bolt  is 
fired  8  to  10  cm  by  a  blank  cartridge,  before  being  pulled  back  into  the  device  by 
a  return  spring.  The  pistol  is  supposed  to  be  placed  in  contact  with  the  skull  of  the 
animal  before  firing.  The  bolt  penetrates  deep  into  the  skull.  Literature  in  German 
contains  numerous  examples  of  suicide,  fatal  accidents  and  murder  (e.g.  ISFORT 
1961,  Janssen  and  Stieger  1964,  Pollak  1977,  Wirth  et  al.  1983,  Koops  et  al. 
1987,  Lignitz  et  al.  1988,  Faller-Marquardt  1991,  Nadjem  and  Pollak 
1993,  Betz  et  al.  1993). 

In  virtually  all  cases  mentioned,  the  device  was  in  contact  with  the  victim  when 
fired.  One  widely-used  model,  the  Kerner,  has  a  bolt  either  10.5  or  12  mm  in  di¬ 
ameter.  The  bolt  is  concave  on  the  underside  and  has  sharp  edges.  A  gas  vent  is 
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located  on  each  side  of  the  bolt  aperture.  As  a  result,  the  entry  wound  has  a  central 
hole,  which  looks  as  if  material  has  been  punched  out.  On  either  side  of  this  hole, 
one  observes  a  smoke  mark  (CZURSIEDEL  1937).  Models  with  different  gas  vents 
produce  similar  marks  (LlEBEGOTT  1948/49,  Nadjem  and  POLLAK  1999).  The  bolt 
leaves  a  combination  of  a  “bullet  wipe”  and  a  true  marginal  abrasion  around  the 
central  hole.  The  hole  in  the  skull  also  appears  to  have  been  punched  out,  with  a 
diameter  similar  to  that  of  the  bolt.  If  the  device  was  perpendicular  to  the  skull  at 
the  time  of  firing,  the  hole  will  be  circular.  The  greater  the  angle  between  the  de¬ 
vice  and  the  perpendicular,  the  more  elliptical  the  hole.  The  hole  will  widen  in  a 
funnel  shape  towards  the  inner  surface  of  the  skull,  as  for  a  bullet  wound.  The  bolt 
almost  always  pushes  the  bone  fragment  it  has  removed  further  into  the  brain,  and 
this  fragment  remains  at  the  end  of  the  wound  channel  when  the  bolt  is  with¬ 
drawn. 

The  velocity  and  energy  of  the  bolt  are  not  sufficient  to  cause  a  significant 
temporary  wound  cavity  or  shock  wave. 

Bolt-firing  tools  and  nailers  are  used  on  building  sites  to  insert  nails,  pins, 
bolts,  etc.  into  timber,  metal  or  concrete.  There  are  two  different  mechanisms: 
Cartridge  tools  insert  the  connector  using  an  explosive  cartridge,  while  bolt  inser¬ 
tion  tools  and  nailers  press  the  connector  into  the  material  via  a  piston.  This  piston 
may  be  powered  by  an  explosive  cartridge  or  compressed  air. 

To  prevent  accidental  firing,  or  deliberate  misuse,  virtually  all  models  are  so 
designed  that  they  can  be  fired  only  with  the  tip  of  the  tool  pressed  firmly  against 
a  solid  surface.  Nevertheless,  the  literature  contains  numerous  cases  of  fatal  acci¬ 
dents  and  suicide  (e.g.  Maurer  1961,  Cragg  1967,  DiMaio  and  Spitz  1972, 
Schmidt  and  Gob  1981,  Weedn  and  Mittleman  1984,  Pankratz  et  al.  1986, 
Koops  et  al.  1987,  Jacob  et  al.  1990,  Bock  et  al.  2002).  In  cases  of  suicide,  the 
need  to  press  the  tool  firmly  against  the  body  in  order  to  fire  it  means  that  one  of¬ 
ten  finds  a  broad  imprint,  caused  by  abrasion  of  the  skin  against  the  tip  of  the  tool 
(Karger  and  Teige  1995).  It  is  also  possible  to  render  these  tools  capable  of  fir¬ 
ing  at  targets  further  away  by  modifying  the  safety  device.  Connectors  fired  in  this 
fashion  will  have  an  initial  velocity  of  approximately  150  m/s,  but  are  extremely 
unstable  in  flight.  However,  a  nail  or  pin  that  strikes  the  body  at  90°  is  perfectly 
capable  of  passing  through  bone,  penetrating  deep  into  the  body  and  causing  fatal 
injuries. 
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5.2  Modern  graphical  methods 

M.  J.  Thau 

5.2.1  Surface  documentation 

In  forensics,  the  standard  way  of  documenting  wounds  is  to  present  a  verbal  de¬ 
scription,  sketches  and  photographs  showing  a  scale.  Two-dimensional  photogra¬ 
phy  has  the  disadvantage  that  3D  data  is  projected  onto  a  single  plane.  The  Vir- 
topsy  project  (www.virtopsy.com)  has  developed  optical  3D  documentation  tech¬ 
niques  with  which  it  is  possible  to  show  objects  and  bodies  in  three  dimensions,  to 
scale  and  in  colour.  Using  photogrammetric  3D  surface  scanners  or  laser  scanners, 
it  is  possible  to  document  three-dimensional  objects  without  touching  them,  to 
scale  and  in  colour.  The  resolution  of  the  3D  scanner  can  be  adapted  to  the  object 
under  study.  It  is  already  possible  to  achieve  precision  of  less  than  a  millimetre. 
Using  these  methods,  it  is  possible  to  record  the  surface  of  a  shooting  victim  (liv¬ 
ing  or  dead),  of  the  instruments  that  caused  the  injury  (such  as  weapons)  or  of  the 
entire  scene  (see  Fig.  5-12).  The  main  advantage  of  this  method  is  that  all  the  evi¬ 
dence  can  be  recorded  with  a  high  degree  of  spatial  accuracy,  without  touching 
anything,  to  scale  and  in  colour,  and  that  it  is  possible  to  analyse  the  3D  datasets 
for  the  injured  areas  of  the  body  surface  and  for  the  suspected  instrument  at  any 
time  (see  Figs  5-13  and  5-14).  (Brueschweiler  et  al.  2003,  Thali  et  al. 
2003a, b,c). 

5.2.2  Radiological  documentation 

Radiology  has  been  used  for  forensic  purposes  ever  since  X-rays  were  discovered. 
The  first  forensics  case  involved  a  shooting  victim.  The  associated  history  is  cov¬ 
ered  in  Brogdon’s  “Forensic  Radiology”  and  further  publications  (BROGDON 
1998,  Di  Maio  1993,  Thali  and  Dirnhofer  2004). 

Just  like  conventional  photography,  however,  normal  X-ray  techniques  reduce 


Fig.  5-12.  Forensics  labora¬ 
tory  with  3D  surface  scanner 
(arrowed)  and  CT  scanner. 
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Fig.  5-13.  (left)  Conventional  documentation  of  a  bullet  wound,  using  photography  (note  the 
muzzle  impression).  Three-dimensional  evidence  is  reduced  to  a  single  plane. 

Fig.  5-14.  (right)  Three-dimensional  documentation  of  a  bullet  wound  and  weapon  using  3D 
surface  scanning. 


the  internal  3D  evidence  in  the  body  to  a  2D  image  on  an  X-ray  plate  (see  Figs  5-15 
and  5-16).  This  makes  it  more  difficult  to  locate  the  projectile,  for  instance.  The 
Virtopsy  project  introduces  3D  techniques  capable  of  generating  a  cutaway  image 
-  computer  tomography  (CT)  and  magnetic  resonance  imaging  (MRI)  -  into  the 
field  of  forensics. 

Computer  tomography  has  been  available  for  medical  purposes  since  about  1970,  MRI  since  about 
1980. 


Fig.  5-15.  (left)  Lateral  X-ray  image  of  a  head,  showing  entry  wound  in  the  temporal  region  and 
the  final  position  of  the  projectile  in  front  of  the  rear  skull  bone. 

Fig.  5-16.  (right)  X-ray  image  of  the  trunk.  The  bullet  is  projected  onto  the  spine.  From  the  two- 
dimensional  image,  it  is  not  possible  to  tell  exactly  where  it  is  located. 
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Computer  tomography  uses  X-rays.  A  rotating  source  generates  X-rays  that  pass 
through  the  body  in  the  x  and  y  planes.  The  x-axis  is  created  by  the  forward 
movement  of  the  table  on  which  the  body  is  lying.  By  applying  methods  from  the 
fields  of  mathematics  and  physics,  it  is  possible  to  convert  variations  in  radiologi¬ 
cal  density  at  different  points  into  cutaway  images  and  3D  information.  A  body  - 
living  or  dead  -  can  be  divided  into  thousands  of  virtual  slices,  each  less  than  a 
millimetre  in  thickness,  which  can  be  stored  as  a  3D  dataset.  Multislice  or  mul¬ 
tidetector  computer  tomography  allows  us  to  examine  a  body  rapidly  and  scroll 
through  it  in  all  planes  and  directions  using  software,  and  hence  to  find  and  dis¬ 
play  evidence  related  to  injury.  Computer  technology  also  makes  it  possible  to 
“remove”  the  skin  and  soft  tissue  and  to  “slice  open”  the  calvarium  (see  Fig.  5-17). 
CT  is  also  a  suitable  method  of  producing  2D  and  3D  images  of  bone  lesions  and 
accumulations  of  air,  and  a  basic  overview  of  organ  injuries. 

Magnetic  resonance  imaging  (MRI)  was  introduced  in  the  early  1980s.  In  this 
technique,  temporary  changes  in  magnetic  fields  are  used  to  generate  3D  images. 

Unlike  CT,  MRI  also  provides  high-resolution  imaging  of  soft  tissue.  Organs, 
muscles  and  other  tissue  are  displayed  in  even  more  detail  than  when  using  CT. 

The  higher  the  intensity  of  the  magnetic  field  generated  by  the  device,  the  higher  the  resolution  of 
the  image.  It  is  perfectly  possible  to  achieve  resolution  similar  to  that  of  a  microscope. 

MRI  is  therefore  even  more  suitable  than  CT  when  it  comes  to  visualizing  soft 
tissues  and  organ  damage. 


Fig.  5-17.  A  combi¬ 
nation  of  CT  and  soft¬ 
ware  makes  it  possible 
to  “remove”  the  skin 
and  soft  tissue  from 
the  3D  model,  expos¬ 
ing  the  fracture  caused 
by  the  bullet.  It  is  also 
possible  to  “open”  the 
calvarium. 
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Fig.  5-18.  3D  representations  of  a  bullet  wound  to  the  head.  Left :  CT.  Right:  MRI. 

The  CT  image  shows  the  pathological  accumulation  of  gas  in  the  frontal  region,  plus  the  funnel- 
shaped  widening  of  the  wound  channel  in  the  bony  posterior  region  of  the  head  (arrowed).  MRI 
produces  a  higher-resolution  image  of  the  soft  tissue,  showing  the  wound  channel  in  the 
cerebellum  more  clearly  (arrowed). 

CT  and  MRI  make  it  possible  to  visualize  the  inside  of  a  body  (living  or  dead) 
following  bullet  or  other  injuries  (see  Fig.  5-18)  (WULLENWEBER  et  al.  1977, 
Schumacher  et  al.  1985,  Thali  et  al.  2003e,  Thali  et  al.  2007,  Bolliger  et  al. 
2007,  Dirnhofer  et  al.  2006,  Thali  et  al.  2003f,  Thali  et  al.  2002a,  Thali  et  al. 
2009,  www.virtopsy.com). 


5.2.3  Combining  surface  and  radiological  documentation 

The  findings  obtained  by  3D  surface  scanning,  CT  and  MRI  can  be  combined  into 
one  dataset.  This  is  achieved  using  radiological  “landmarks,”  which  link  the 
external  and  internal  body  datasets  obtained  from  CT  and  MRI.  Combining  the 
two  datasets  results  in  a  scale  representation  of  the  inside  and  outside  of  the  body 
in  3D.  In  the  case  of  a  living  person  the  wounds  will  eventually  heal,  while  in  the 
case  of  a  corpse  the  evidence  will  undergo  the  normal  process  of  decay.  In  both 
cases,  however,  the  information  can  be  stored  to  scale,  in  3D,  and  used  at  a  later 
stage  for  the  purposes  of  reconstruction  (see  Figs  5-19  and  5-20). 


5.2.4  Documenting  crime  scenes  using  modern  graphics  techniques 

As  well  as  providing  non-invasive  documentation  of  the  outside  and  inside  of  the 
body,  modern  surface  scanning  and  laser  scanning  techniques  make  it  possible  to 
document  the  scene  of  a  crime  (e.g.  a  shooting).  If  necessary  (e.g.  in  connection 
with  bloodstain  patterns)  the  images  can  be  produced  in  colour.  The  3D  data 
model  hence  forms  the  basis  for  virtual  reconstructions,  in  which  analysis  of 
geometrical  data  from  the  scene  make  it  possible  to  say  whether  a  given  action  or 
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Fig.  5-19.  3D  representation  of  weapon  and  head  injuries  generated  using  3D  surface 
and  radiological  scanning. 


series  of  actions  would  have  been  possible.  Combining  3D  data  of  the  scene  and 
the  persons  involved  (alive  or  dead)  in  the  form  of  surface  or  radiological  data 
makes  it  possible  to  run  through  scenarios  on  the  computer  without  the  need  to 
keep  the  crime  scene  under  seal  for  weeks  or  even  months.  (Fig.  5-21). 

This  is  known  as  the  “real  3D  data-based  approach."  Rather  than  using  compu¬ 
ter  models  of  the  body  taken  from  the  Internet  or  software  such  as  Poser,  one  is 
using  real-life  data  (Thali  et  al.  2005,  BUCK  et  al.  2007,  www.virtopsy.com). 


Fig.  5-20.  3D  repre¬ 
sentation  of  injuries  to 
the  trunk  generated 
using  3D  surface  and 
radiological  scanning. 
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Fig.  5-21.  Victim  and  perpetrator  were  documented  using  surface  scanning,  the  victim 
subjected  to  CT  and  MRI  scanning  and  the  crime  scene  was  scanned.  This  3D  data  can 
be  used  to  present  sequences  of  events  on  the  computer  and  check  them  for  plausibility. 


5.3  Experimental  reconstruction 

B.  P.  Kneubuehl,  M.  J.  Thali 

5.3.1  Introduction 

For  obvious  reasons,  crime  and  accident  reconstructions  at  the  scene  or  on  the 
computer  are  carried  out  without  injuring  the  victim.  Flowever,  the  dynamics  of 
the  damage  done  to  the  victims  body  often  remain  unclear,  leaving  questions  un¬ 
answered  regarding  the  manner  in  which  the  injuries  were  caused. 

In  such  cases,  a  reconstruction  of  the  actual  physical  action  (shot,  blow,  stab¬ 
bing,  etc.)  may  yield  essential  information  as  to  what  happened.  In  order  to 
achieve  this,  one  requires  a  representation  of  the  body  that  can  accurately  simulate 
the  interaction  between  the  object  (bullet,  blunt  instrument,  etc.)  and  the  structures 
of  the  human  body.  For  bullet  wounds,  one  uses  the  simulants  described  in  3.3, 
which  can  be  used  to  simulate  bone  and  most  soft  tissue. 

Extensive  experimentation  has  shown  the  materials  used  for  studying  gunshot 
wounds  in  human  tissue  to  be  suitable  -  under  certain  conditions  -  for  the  simula¬ 
tion  of  impact  and  stabbing  injuries.  In  particular,  the  fracture  characteristics  of 
plastic  bones  subjected  to  impact  and  stabbing  are  very  close  to  those  of  real 
bones. 

The  damage  to  simulants  can  be  studied  using  the  techniques  described  in  5.2 
(CT,  MRI),  enabling  direct  comparisons  between  simulated  and  real-life  injuries. 
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5.3.2  Reconstructing  shooting  incidents 

5. 3. 2. 1  Preliminary  remarks 

A  gunshot  is  an  extraordinarily  rapid  process.  The  interaction  between  bullet  and 
medium  as  the  bullet  penetrates  and  passes  through  the  medium  lasts  only  a  few 
milliseconds.  As  a  result,  normal  physical  processes  such  as  heat  transfer  simply 
to  not  take  place  -  because  there  is  no  time  -  or  are  subject  to  totally  different 
rules  if  they  do  take  place. 

The  physical  characteristics  of  a  material  under  highly  dynamic  loads  (such  as  strength  and  elas¬ 
ticity)  are  often  very  different  from  those  of  the  same  material  under  quasistatic  loading.  These 
characteristics  can  only  be  determined  with  considerable  effort  -  if  at  all.  For  instance,  the  dy¬ 
namic  tensile  strength  of  copper  rods  measured  using  explosive  techniques  is  more  than  double 
that  of  the  same  rods  under  conventional,  quasistatic  loading. 

When  attempting  to  imagine  the  sequence  of  events,  one  can  therefore  make  com¬ 
pletely  erroneous  assumptions. 

In  some  cases,  it  is  therefore  necessary  to  conduct  a  dynamic  reconstruction  of 
the  incident.  This  involves  repeating  the  shots  in  question  using  the  same  weapon 
and  ammunition  to  simulate  the  incident  as  it  is  suspected  to  have  occurred,  and  to 
repeat  this  process  until  the  simulated  wound  corresponds  to  that  which  actually 
occurred.  Once  one  has  achieved  this,  one  has  at  least  identified  a  situation  which, 
taking  all  the  dynamics  of  the  shot  into  account,  produces  very  similar  injuries. 

5.3. 2.2  Points  to  bear  in  mind 

When  conducting  reconstructions  of  shooting  incidents,  it  is  important  to  use  the 
same  ammunition  (i.e.  same  manufacturer,  type  and  lot)  as  was  used  in  the  origi¬ 
nal  incident.  Except  in  the  case  of  contact  or  close  range  shots,  the  weapon  is  gen¬ 
erally  less  significant,  as  long  as  the  muzzle  velocity  and  bullet  stability  (spin) 
remain  the  same.  Where  shot  is  fired  from  a  shotgun,  it  is  also  important  to  use  the 
same  choke. 

It  is  perfectly  permissible  -  and  indeed  advisable  -  to  replace  human  shapes  by 
geometric  shapes  (head  — »  sphere,  hollow  bone  — »  hollow  cylinder,  local  area  of 
body  surface  — >  flat  surface).  This  will  generally  have  little  or  no  effect  on  the  in¬ 
teraction  between  the  bullet  and  the  structure  and  will  make  it  possible  to  repro¬ 
duce  the  same  experimental  conditions  as  many  times  as  required,  which  is  very 
helpful  when  one  is  trying  to  identify  decisive  parameters. 

If  one  suspects  that  the  geometric  form  (e.g.  the  shape  of  the  parts  of  the  skeleton  involved)  could 
have  a  significant  effect  on  the  reconstruction,  it  may  well  be  appropriate  and  useful  to  construct  a 
target  structure  that  reproduces  the  original. 

If  other  objects  are  to  be  included  in  the  reconstruction,  the  simulated  versions 
must  be  as  identical  to  the  original  as  possible  in  all  respects  that  have  a  signifi¬ 
cant  effect  on  the  trajectory  of  the  bullet  or  the  marks  created. 
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Fig.  5-22.  (left)  Unusual  injury  to  the  ball  of  the  right  thumb,  for  which  there  was  initially  no 
explanation. 

Fig.  5-23.  (right)  Two  adjacent  entry  wounds  to  the  chest. 


If  a  bullet  passes  through  the  side  window  of  a  car,  for  instance,  the  thickness  and  type  of  glass  are 
important,  as  is  the  extent  to  which  the  window  was  open  or  closed.  On  the  other  hand,  it  is  quite 
irrelevant  whether  the  window  was  on  the  driver’s  or  passenger’s  side. 


5. 3. 2. 3  Examples 

We  shall  now  examine  three  cases  in  which  experimental  reconstruction  made  a 
substantial  contribution. 

An  unexplained  hand  injury.  A  man  had  apparently  been  shot  from  the  inside  of 
a  car,  through  a  window,  while  standing  next  to  the  door  on  the  driver’s  side.  In 
addition  to  three  entry  wounds,  superficial  bleeding  and  perforations  of  the  skin 
on  the  left  cheek  and  the  inside  of  the  left  upper  arm,  the  man  had  an  unusual  in¬ 
jury  to  the  right  thumb  (see  Fig.  5-22)  which  could  not  readily  be  explained  by 
what  was  known  about  the  incident. 

The  man  had  two  entry  wounds  close  together,  in  the  chest,  with  no  exit  wounds  (see  Fig.  5-23) 
and  a  third  in  the  right  outer  wall  of  the  ribcage,  with  a  corresponding  exit  wound  at  the  rear. 


Fig.  5-24.  (left)  The  simulated  thumb  injury  (Fig.  5-22)  corresponds  to  the  real  injuty,  even  at  the 
level  of  the  finer  structures  (arrowed). 

Fig.  5-25.  (right)  Separation  of  a  bullet  of  the  type  used  in  the  incident  on  passing  through  car 
glass. 
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It  was  thought  that  the  victim  might  have  tried  to  prevent  the  shots  being  fired  by 
reaching  through  the  partly  open  driver’s  door  with  his  right  hand.  The  injury  to 
his  hand  could  then  have  been  caused  by  the  slide  of  the  pistol  as  the  weapon  re¬ 
cocked. 

Experimental  reconstruction  using  a  number  of  variants  made  it  possible  to 
simulate  an  exceptionally  similar  wound,  caused  not  by  the  slide  itself  but  by  the 
blade  of  the  foresight  mounted  on  the  slide  (see  Fig.  5-24).  It  was  also  found,  by 
firing  bullets  of  the  type  used  by  the  suspect  into  soap,  that  the  lead  core  and  the 
jacket  always  separate  on  passing  through  car  glass,  which  meant  that  a  single 
bullet  of  this  type  could  cause  two  adjacent  entry  wounds  (Fig.  5-25).  The  two 
entry  wounds  in  Fig.  5-23  could  therefore  have  been  caused  by  a  single  shot.  The 
simulation  also  showed  that  the  superficial  skin  damage  was  caused  by  glass 
fragments.  The  experiments  therefore  resulted  in  a  possible  explanation  for  the 
incident  that  was  not  in  contradiction  with  any  of  the  wounds  caused  and  left  no 
questions  open. 

Who  fired  the  shots?  A  police  patrol  stopped  a  suspect  car.  Before  the  two  offi¬ 
cers  could  ask  the  man  for  his  papers,  he  opened  fire  on  them  with  a  handgun.  In 
the  ensuing  firefight,  one  of  the  officers  got  between  his  colleague  and  the  sus¬ 
pect.  A  bullet  passed  through  each  femur,  just  above  the  knee  (see  Fig.  5-26).  The 
question  was,  from  which  weapon  the  shots  had  come. 

The  suspect  had  been  using  a  45  pistol,  firing  45  Auto  full  metal-jacketed  bul¬ 
lets.  The  police  officers  were  using  9  mm  Luger  full  metal-jacketed  bullets,  with 
the  rear  of  the  bullet  covered  by  a  brass  plate  to  reduce  lead  emissions.  It  was  not 
possible  to  tell  from  the  police  officer’s  clothing  or  from  the  entry  or  exit  wounds 
which  type  of  bullet  had  hit  him.  Flowever,  X-rays  showed  radio-opaque  particles 
in  both  wound  channels. 

By  firing  both  types  of  bullets  through  plastic  bones  embedded  in  gelatine,  it 
was  possible  to  demonstrate  that  the  type  of  bullet  used  by  the  suspect  left  lead 
fragments  on  passing  through  a  bone,  whereas  the  bullets  used  by  the  police  did 
not  (see  Fig.  5-27).  This  evidence  therefore  showed  that  the  second  police  officer 
had  not  shot  his  colleague.  In  this  instance,  experimental  simulation  was  the  only 
means  of  deciding  which  weapon  had  caused  the  injuries. 

Suicide  and  attempted  suicide.  A  suicide  and  an  attempted  suicide,  in  two  unre¬ 
lated  cases,  both  involving  the  same  part  of  the  body  (the  temple),  the  same  type 
of  weapon  (a  7.5  mm  Stgw  57  Swiss  assault  rifle  with  a  muzzle  energy  of  around 
3,200  J)  and  the  same  ammunition,  resulted  in  two  completely  different  wounds. 
In  one  case,  the  bullet  passed  cleanly  through  the  head,  causing  little  damage,  and 
the  victim  was  able  to  leave  hospital  after  just  a  few  days.  In  the  other  case  the 
skull  burst,  with  fatal  results. 

By  conducting  experiments  to  simulate  the  two  situations  in  a  reproducible 
fashion,  it  was  possible  to  understand  the  reasons  for  the  different  injuries  (see 
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Fig.  5-26.  (left)  X-rays  showing  the  knee  joints  of  the  injured  police  officer  (D  =  Droite  =  Right, 
G  =  Gauche  =  Left).  Radio-opaque  particles  are  visible  in  the  wound  channels  in  both  legs. 

Fig.  5-27.  (right)  Simulation  using  anatomically-correct  plastic  bones  embedded  in  gelatine.  Bul¬ 
lets  of  the  type  used  by  the  suspect  (left)  deposited  radio-opaque  particles  in  the  wound  channel,  in 
all  cases.  Bullets  of  the  type  fired  by  the  other  police  officer  (right)  did  not. 

Figs  5-28  and  5-29).  The  first  case  was  a  near-contact  shot,  as  the  victim  had 
moved  his  head  a  few  centimetres  away  from  the  muzzle  just  before  pulling  the 
trigger.  Most  of  the  gas  pressure  at  the  muzzle  could  escape  laterally,  and  the 
bullet  had  to  time  to  begin  its  precession  and  nutation  movement.  The  result  was  a 
vanishingly  small  angle  of  incidence  and  hence  a  very  long  narrow  channel.  The 
second  case  was  a  contact  shot,  with  the  muzzle  gases  entering  the  head  under 
pressure. 

The  skull  will  also  burst  when  hit  from  longer  range,  when  the  bullet  has  started  its  precession  and 
nutation  movements.  In  such  cases,  however,  the  phenomenon  is  caused  by  the  large  temporary 


Fig.  5-28.  (left)  Near-contact  shot  into  head  model,  fired  from  a  7.5  mm  Stgw  57  assault  rifle. 
Distance  between  muzzle  and  target:  approx.  5  cm.  The  bullet  has  passed  through  cleanly, 
depositing  little  energy  on  the  way.  The  fracture  pattern  corresponds  to  that  observed  in  the  real- 
life  case. 

Fig.  5-29.  (right)  Contact  shot  with  the  same  weapon.  The  head  model  has  burst  as  a  result  of  the 
gas  pressure  at  the  muzzle. 
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Table  5-1.  Velocities  obtainable  using  vertical  tubes  and  towers 


Initial  height 
[m]  ^ 

Impact  velocity 
[m/s] 

Impact  velocity 
[km/h] 

5 

9.9 

35.7 

10 

14.0 

50.4 

15 

17.2 

61.7 

20 

19.8 

71.3 

25 

22.1 

79.7 

30 

24.3 

87.3 

cavity  that  the  bullet  creates.  Only  at  much  longer  ranges  (approx.  100  m  and  above,  depending  on 
calibre  and  type  of  bullet)  does  it  once  again  become  possible  for  the  bullet  to  pass  cleanly  through 
the  skull  (see  6.3.2,  Case  C). 


5.3.3  Blunt  force 


5.3.3. 1  Equipment  used  and  experimental  options 


Blunt  force  is  generally  applied  at  a  velocity  much  lower  than  that  of  a  bullet.  In 
order  to  simulate  blunt  force,  one  therefore  requires  special  equipment  to  acceler¬ 
ate  the  object.  It  is  possible  to  use  vertical  tubes  and  towers,  and  compressed  air 
cannons  with  a  calibre  of  10  cm  or  more  are  also  available.  Table  5-1  shows  the 
velocities  that  can  be  achieved  using  vertical  tubes  and  towers,  as  a  function  of  initial 
height. 


Fig.  5-30.  Falling  body  with  part  of 
a  hammer.  It  is  possible  to  obtain  any 
desired  impact  angle  by  positioning 
the  head  model  appropriately. 


In  the  case  of  a  tube,  the  falling  body  is 
guided.  It  can  therefore  be  fitted  with  the 
relevant  object  (hammer,  pistol  grip,  etc.), 
which  can  allowed  to  fall  onto  the  body 
model  under  precisely  determined  impact 
conditions  (see  Fig.  5-30).  Towers  are  only 
suitable  for  objects  that  remain  stable  in  free- 
fall,  such  as  spheres,  fin-stabilized  bodies  and 
those  stabilized  along  the  principle  of  an  ar¬ 
row. 

Compressed-air  cannons  make  it  possible 
to  obtain  velocities  and  energies  that  would  be 
virtually  impossible  to  achieve  using  gravity 
equipment,  as  they  are  capable  of  accelerating 
objects  of  a  few  kg  to  velocities  of  up  120  m/s. 

There  are  limits  to  the  simulation  of  blunt 
force,  as  neither  gelatine  nor  soap  simulate 
the  reaction  of  soft  tissue  to  this  type  of  effect 
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correctly.  Gelatine  can  be  used  for  a  rough  simulation  of  the  dynamic  penetration 
depth  of  a  non-penetrating  body  in  soft  tissue.  Soap  is  suitable  for  determining  the 
energy  of  blunt  force,  as  there  is  a  closely-correlated  linear  relationship  between 
the  volume  of  soap  displaced  and  the  energy  applied. 

Synthetic  bone  models,  however,  do  allow  accurate  simulation  of  bone  injuries 
due  to  blunt  force.  These  models  include  the  skin/skull/brain  model  (Thali  et  al. 
2002a),  plus  hollow  bones  and  ribcage/spine  combinations  suitably  covered  and 
embedded  in  gelatine. 

5. 3. 3. 2  Examples 

Attacks  involving  hammers  and  similar  tools.  Where  an  assault  involves  the 
use  of  a  hammer  or  similar  against  the  head,  there  is  often  a  requirement  to 
determine  the  energy  used.  Experiments  using  the  head  model  simulate  the 
fracture  pattern  very  accurately  (see  Fig.  5-31).  The  relevant  part  of  the  tool  is 
fixed  to  the  falling  body,  which  is  then  dropped  onto  the  head  model  from  various 
heights  until  the  simulated  injury  corresponds  to  the  injury  observed  in  real  life. 
From  the  height  and  the  mass  of  the  falling  body,  it  is  then  possible  to  calculate 
the  approximate  energy  required  to  produce  the  injury. 

Falls.  It  is  also  possible  to  determine  the  impact  velocity  (and  hence  the  height) 
required  to  cause  a  given  skull  fracture  pattern.  Flere,  the  head  model  is  dropped 
from  a  tower  onto  the  relevant  object  (post,  pavement  slab,  etc),  as  this  is  the  only 
way  to  ensure  that  the  impact  occurs  with  the  model  oriented  in  a  particular  fash¬ 
ion  (being  spherical,  the  head  model  remains  stable  in  free-fall).  It  is  also  possible 
to  equip  the  model  with  accelerometers  and  record  the  accelerations  to  which  it  is 
subjected. 

Projection  of  debris.  When  defining  danger  areas  for  such  sites  as  ammunition 
dumps  and  explosives  factories,  it  is  necessary  to  calculate  the  danger  posed  by 
flying  debris.  Flere,  one  needs  to  determine  percentage  lethality  as  a  function  of 


Fig.  5-31.  {left)  Depressed  fracture  on 
a  head  model,  caused  by  a  hammer  blow 
simulated  using  a  vertical  tube. 
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Fig.  5-32.  CT  image  of  a  ribcage  embedded  in  gela¬ 
tine  after  being  struck  by  flying  debris,  simulated 
using  a  compressed-air  cannon.  Mass  of  object:  1  kg). 


impact  energy.  As  there  is  virtually  no  real-life  data  on  this,  simulation  is  the  ob¬ 
vious  approach. 

Another  question,  which  is  analogous  from  a  forensics  point  of  view,  is  that  of  the  danger  posed 
by  an  object  that  is  thrown,  such  as  a  cobblestone. 

Fig.  5-32  shows  an  example  taken  from  an  extensive  series  of  experiments  in¬ 
volving  models  of  heads,  torsos  and  limbs.  This  type  of  experiment  is  perfectly 
suitable  for  the  purposes  mentioned  above,  and  the  results  make  it  possible  to 
draw  relevant  conclusions. 

5.3.4  Using  Virtopsy  in  practice 
5. 3.4.1  Documentation  and  visualization 

Modern  graphics  methods  can  also  be  used  for  non-invasive  examination  of  soft- 
tissue  simulants  such  as  gelatine  and  soap,  plus  synthetic  models  of  body  parts.  It 
is  possible  to  visualize  the  effects  of  bullets,  blunt  force  and  stabbing  using  ra¬ 
diological  techniques  (Korac  et  al.  2002,  Thali  et  al.  2008,  www.virtopsy.com). 

Reconstructions  can  be  per¬ 
formed  using  either  anatomi- 
cally-correct  models  of  body 
parts  or,  as  mentioned  above, 
simple  geometric  forms  (see 
Fig.  5-33). 

Figures  5-34  to  5-43  show 
examples  corresponding  to  ima¬ 
ges  taken  from  clinical  prac¬ 
tice. 


Fig.  5-33.  Anatomical  and  geometric  skull  models. 
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Fig.  5-37.  (left)  CT  image  of  a  bullet  wound  analogous  to  that  shown  in  Fig.  5-37,  simulated 
using  a  skull/brain  model. 


Fig.  5-38.  (right)  Same  model  as  in  Fig.  5-38,  showing  fracture  pattern  caused  by  bullet. 


Fig.  5-39.  (left)  Visualization  of  the  wound  channel  in  a  synthetic,  anatomical  head  model, 
“sliced  through”  using  software. 

Fig.  5-40.  (right)  Same  wound  channel  in  the  model  itself,  with  the  wound  channel  exposed  in 
conventional  fashion,  using  a  knife  and/or  scalpel. 


Fig.  5-41.  3D  radiological 
visualization  of  a  wound  channel 
in  a  synthetic,  geometrical  head 
model  (7.62  mm  NATO  full 
metal-jacketed  rifle  bullet). 
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Fig.  5-42.  (left)  CT  image  of  a  soap  block  following  penetration  by  a  hunting  bullet.  The  position 
of  the  remains  of  the  bullet  and  of  the  fragments  in  the  wound  channel  are  clearly  visible,  as  is  the 
temporary  cavity. 

Fig.  5-43.  (right)  3D  CT  image  of  the  soap  block  from  Fig.  5-35.  It  is  possible  to  calculate  the 
volume  of  the  temporary  wound  cavity  using  suitable  software. 


5.3. 4. 2  Example 

A  man  sitting  at  a  bar  was  hit  several  times  by  full  metal-jacketed  bullets  fired 
from  a  5.6  mm  GP  90  assault  rifle  (Stgw  90).  The  post-mortem  revealed  that  three 
bullets  had  passed  through  his  body  and  one  had  grazed  his  head  (see  Figs  5-44 
and  5-45).  One  bullet  entered  via  the  right  shoulder  blade,  passed  through  it  and 


Fig.  5-44.  (left)  Semi-transparent  volume  rendering  view  of  the  three-dimensional  CT  dataset, 
showing  a  grazing  shot  to  the  head  and  an  exit  wound  in  the  throat. 

Fig.  5-45.  (right)  Bone  damage  associated  with  the  grazing  shot  to  the  head. 


302  5  Wound  ballistics  and  forensic  medicine 


Fig.  5-46.  Left:  Wound  channel  associated  with  the  exit  wound  shown  in  Fig.  5-44,  displayed 
using  multiplanar  CT  reconstruction.  There  is  little  damage  to  soft  tissue  in  the  narrow  channel, 
but  the  scan  clearly  shows  the  damage  done  in  the  region  of  the  temporary  cavity,  which  formed 
after  the  bullet  had  passed  through  the  shoulder  blade.  Right:  The  channel  created  by  the  same 
type  of  bullet  in  soap. 

exited  via  the  front  of  the  throat,  creating  a  gaping  exit  wound.  The  projectile  de¬ 
stroyed  the  blood  vessels  in  the  neck,  causing  external  bleeding.  In  addition,  air 
entered  the  circulatory  system  via  the  damaged  blood  vessels,  causing  an  air  em¬ 
bolism.  Another  bullet  entered  via  the  left  buttock  and  exited  via  the  left  hand  side 
of  the  left  thigh,  creating  a  gaping  exit  wound.  This  bullet  shattered  the  femur.  A 
bullet  also  passed  through  the  right  thigh,  causing  a  superficial  wound.  In  addi¬ 
tion,  a  bullet  grazed  the  skull,  opening  up  the  calvarium.  The  causes  of  death  were 
the  loss  of  blood  due  to  damage  to  the  blood  vessels,  together  with  the  air  embo¬ 
lism. 

The  first  step  in  conducting  the  post  mortem  was  to  take  a  number  of  photo¬ 
graphs.  These  served  to  record  the  wounds  caused  by  the  bullets. 


Fig.  5-47.  Shot  through  buttocks  and  thigh:  little  damage  to  soft  tissue  in  the  region  of  the 
entry  wound,  more  damage  around  the  temporary  cavity. 

Fig.  5-48.  Shot  through  right  thigh:  Little  damage,  as  the  wound  channel  lies  almost  entirely 
within  the  narrow  channel. 
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Shots  were  fired  into  a  soap  block,  using  the  same  type  of  bullet.  The  block 
was  then  subjected  to  CT  scanning.  This  made  it  possible  to  document  the  channel 
of  the  bullet  in  the  block  non-invasively,  in  three  dimensions. 

It  was  then  possible  to  compare  the  radiological  data  from  the  soap  block  with 
the  finding  from  the  body  (see  Figs  5-46  to  5-48  and  accompanying  captions). 
One  can  see  that  the  energy  transfer  profile  of  the  bullet  in  the  simulant  corre¬ 
sponds  to  the  damage  in  the  body  resulting  from  the  temporary  cavity.  The  size  is 
visible  primarily  in  the  form  of  air  and  deformation  of  tissue,  rather  than  as  a  per¬ 
manent  cavity,  as  biological  tissue  collapses  following  passage  of  the  bullet. 

This  example  clearly  shows  that  the  information  regarding  the  energy  transfer 
(effectiveness)  of  a  bullet  obtained  by  wound  ballistics  simulations  is  of  value  in 
investigating  and  assessing  the  wound  caused  by  that  bullet.  This  is  true  not  only 
for  radiological  visualization  of  the  wound  but  also  in  the  case  of  a  conventional 
post-mortem  examination. 


6  Wound  ballistics  and  surgery 

R.  M.  Coupland 


6.1  The  historical  connection  between  wound  ballistics 
and  surgery 

There  is  a  long  and  close  association  between  surgery  and  wound  ballistics  studies 
(Kocher  1875a,b,  Spencer  1908,  Owen-Smith  1981,  Fackler  et  al.  1985,  Coo¬ 
per  1990,  Bellamy  et  al.  1991,  Prokosch  1995,  Bowyer  1997,  Ryan  et  al. 
1997).  The  reason  for  this  tradition  is  obvious.  Surgeons  -  whether  military  or 
civilian  -  who  are  working  in  any  area  where  there  might  be  acts  of  armed  vio¬ 
lence  must  prepare  themselves  to  treat  wounded  people. 

Thousands  of  wound  ballistics  studies  have  been  undertaken  since  the  nine¬ 
teenth  century.  A  variety  of  experimental  targets  have  been  shot  including 
corpses,  live  animals,  wet  clay,  wet  telephone  directories,  soap  and  gelatine.  The 
current  understanding  of  wound  ballistics  therefore  has  two  sources:  wound  bal¬ 
listics  experiments,  and  the  results  of  ballistic  trauma  witnessed  by  health  profes¬ 
sionals  in  surgical  hospitals  and  mortuaries.  In  the  past,  many  assumptions  have 
been  made  when  applying  findings  from  one  domain  to  the  other.  Although  exten¬ 
sive  knowledge  has  been  gained  about  the  interaction  between  projectiles  and  tis¬ 
sue,  it  is  not  obvious  whether  or  how  these  studies  have  contributed  to  improving 
the  surgical  care  of  wounded  people.  This  chapter  aims  to  highlight  those  studies 
that  have  important  clinical  implications.  It  also  identifies  some  aspects  of  surgi¬ 
cal  care  that  have  not,  as  yet,  been  helped  by  wound  ballistics  studies.  This  may 
indicate  where  new  models  are  needed  and  possible  areas  in  which  to  focus  re¬ 
search. 

Many  wound  ballistics  studies  relate  more  to  weapon  design  than  to  the  treat¬ 
ment  of  wounded  people.  Such  studies  might  pertain  to,  for  example,  the  1899 
Hague  Declaration  prohibiting  bullets  that  expand  or  flatten  easily  in  the  human 
body  (see  Chapter  7).  Others  may  generate  information  pertaining  to  weapon  de¬ 
velopment  (Coupland  1999b,  Ogston  1899,  Black  et  al.  1941).  There  is  there¬ 
fore  an  ethical  dimension  to  surgeons'  involvement  in  wound  ballistics  studies 
(World  Medical  Association  1997). 

On  a  broader  scale,  surgeons  treating  people  wounded  in  conflict  are  also  in  a 
position  to  document  the  nature  of  wounds,  which  may  well  reflect  the  kinds  of 
weapons  or  ammunition  used,  the  number  of  people  injured,  who  the  wounded 
people  are  and  the  circumstances  of  injury;  this  in  turn  pertains  to  how  the  weap- 
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ons  in  question  were  used.  Thus  the  surgeon  is  an  important  witness  to  the  “hu¬ 
man  cost”  of  the  conflict.  The  role  of  the  “surgeon  as  witness”  clearly  has  impli¬ 
cations  for  preventive  policies  and  laws  (Coupland  et  al.  1997,  Meddings  1997 
und  1999).  It  can  also,  in  some  circumstances,  have  implications  for  the  personal 
safety  of  the  surgeon.  This  chapter  also  discusses  possible  roles  for  health 
professionals  who  witness  ballistic  trauma. 


6.2  Wound  ballistics  and  ballistic  trauma  -  what's  the 
difference? 

Wound  ballistics  is  a  scientific  discipline.  It  investigates  the  interaction  between  a 
projectile  or  blast  and  tissues.  As  mentioned  above,  two  sources  of  data  feed  this 
discipline;  the  laboratory,  and  observations  of  the  effects  on  people,  either  in  hos¬ 
pital  or  in  a  mortuary.  Ballistic  trauma  is  both  a  field  of  study  and  a  clinical  spe¬ 
cialty.  It  consists  of  observing  both  the  effects  of  a  projectile  or  blast  on  human 
tissue  and  the  pathophysiological  sequelae  (the  biological  response  to  that 
trauma). 

Wound  ballistics  pertains  only  to  the  physics  of  the  interaction  between  a  pro¬ 
jectile  or  blast  and  simulated  or  real  tissues.  Ballistic  trauma  includes  the  patho¬ 
physiological  outcome  of  the  physical  process,  such  as  cell  death  through  crushing 
and  laceration  of  tissue  leading  to  tissue  necrosis;  resulting  blood  loss;  fragmenta¬ 
tion  of  bone  and  loss  of  corresponding  periosteum.  Later  pathophysiological  ef¬ 
fects  of  ballistic  trauma  include  inflammation  of  the  wound,  wound  infection  and 
any  disability. 

The  premise  upon  which  this  chapter  is  written  is  that  effective  treatment  of 
people  suffering  ballistic  trauma  involves  understanding  wound  ballistics,  i.e.  the 
physical  interaction  between  projectiles  and  tissues.  Understanding  wound  ballis¬ 
tics  does  not  automatically  generate  treatment  regimes  for  wounded  people.  The 
knowledge  that  a  bullet  might  deposit  a  certain  number  of  joules  of  energy  at  a 
certain  point  along  its  track  in  a  soft  tissue  simulant  does  not  automatically  trans¬ 
late  into  a  policy  for  treating  such  a  wound  in  any  part  of  the  body.  Before  sur¬ 
geons  can  draw  conclusions  about  wound  management  from  wound  ballistics 
studies,  it  is  necessary  to  ensure  that  laboratory  findings  in  simulated  wounds  con¬ 
stitute  a  valid  comparison  for  wounds  that  are  observed  in  people  coming  to  hos¬ 
pitals. 
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6.3  Comparing  simulated  wounds  and  real  wounds 

6.3.1  Preliminary  remarks 

When  comparing  simulated  and  real  wounds,  one  makes  a  very  important  as¬ 
sumption:  that  the  deposit  of  energy  at  a  given  point  along  a  simulated  wound 
track  is  in  some  way  representative  of  the  degree  of  tissue  damage  at  the  same 
point  in  an  equivalent,  real  wound.  In  other  words,  one  assumes  that  the  point  at 
which  the  simulated  track  is  widest  is  the  point  at  which  there  is  most  tissue  dam¬ 
age  in  a  real  wound.  This  assumption  can  be  supported  by  the  clinical  cases  pre¬ 
sented  here  from  ICRC  hospitals. 

The  appearance  of  the  wound,  combined  in  some  cases  with  the  x-ray  of  the 
wounded  part,  give  a  clear  indication  of  the  wound  track.  These  can  then  be  com¬ 
pared  with  equivalent  simulated  wounds. 

6.3.2  Case  studies 

Case  A:  Bullet  wound,  left  buttock,  perineum  and  right  thigh.  The  photograph 
(Fig.  6-1  a)  shows  a  long  bullet  track.  The  bullet  entered  the  patient  high  on  the 
left  buttock,  traversed  the  pelvic  soft  tissues  without  causing  any  damage  to 
viscera  or  major  vessels,  exited  the  perineum  and  then  re-entered  the  right  thigh 
where  it  caused  a  wider  channel.  It  then  made  a  smaller  exit.  Together,  these 
wounds  represent  the  simulated  wound  in  Fig.  6-1  b.  [ICRC  wound  score  (see 
6.6.2):  pelvic  wound:  El,  XI,  CO,  F0,  VO,  MO,  right  thigh  E21,  X5,  Cl,  F0,  VO, 
MO.] 

Case  B:  Bullet  wound,  left  thigh,  with  femoral  fracture.  This  patient  was  shot 
in  the  left  thigh  at  close  range  (less  than  one  metre)  with  an  assault  rifle.  There  is  a 
small  entry  on  the  medial  side  of  the  thigh  and  a  large  exit  on  the  lateral  side 
(Fig.  6-2  a).  The  x-ray  (Fig.  6-2  c)  shows  a  femoral  fracture  and  multiple  metallic 
fragments  of  the  bullet,  indicating  that  it  broke  up  early  in  the  track.  The  simu¬ 
lated  equivalent  is  presented  in  Fig.  6-2  b.  [Wound  score:  El,  X8,  Cl,  F2,  VO,  M2.] 


Fig.  6-1  b.  Case  A.  Simulation  in  glycerine 
soap.  Bullet  from  right.  The  relevant  part  of 
the  bullet  track  is  highlighted. 


Fig.  6-1  a.  Case  A.  Real  wound.  Exit 
wound  top  left. 
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Fig.  6-2.  Case  B.  Passage  of  bullet  through 
thigh: 

a.  Real  wound.  The  bullet  entered  from  the 
top. 

b.  Simulation  in  glycerine  soap  (highlighted). 
Bullet  from  left. 


Case  C:  Cranio-cerebral  bullet  wound.  Fig.  6-3  a  shows  a  patient  with  a  bullet 
wound  of  the  head  being  prepared  for  surgery.  He  had  a  similar  sized  wound  over 
the  occiput.  X-ray  (Fig.  6-3  b)  shows  the  cranial  entry  and  exit  wounds  and  a  lin¬ 
ear  cranial  fracture.  The  patient  survived  with  a  left  hemiplegia.  It  is  only  possible 
to  survive  such  a  wound  if  the  energy  deposited  along  the  track  is  minimal.  This 
wound  represents  the  equivalent  of  the  long  narrow  channel  as  seen  in  Fig.  6-3  c. 
[Wound  score:  El,  XI,  CO,  FI,  VI,  MO] 


Fig.  6-3.  Case  C,  Head:  a.  Entry  wound  in  forehead  (E).  b.  X-ray  showing  entry  wound  (E) 
and  exit  wound  (A),  c.  Corresponding  simulation  in  glycerine  soap  (highlighted). 
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Fig.  6-4.  Case  D,  Shoulder: 

a.  Entry. 

b.  Exit. 

c.  X-ray. 

d.  Corresponding  simulation 
in  glycerine  soap 
(highlighted). 


Case  D.  Bullet  wound,  right  shoulder.  Entry  of  a  rifle  bullet  on  the  front  of  the 
right  shoulder  (Fig.  6-4  a).  Exit  on  the  back  of  the  right  shoulder  (Fig.  6-4  b).  X- 
ray  of  the  shoulder.  No  fracture  is  visible  (Fig.  6-4  c).  The  patient  required  no 
surgical  intervention.  Fie  recovered  good  shoulder  movement  with  physiotherapy. 
This  is  the  equivalent  of  the  simulated  wound  in  Fig.  6-4  d.  [Wound  score:  El,  XI, 
CO,  FI,  VO,  MO.  (The  fracture  -  FI  -  is  presumed,  but  is  not  visible  on  x-ray.)] 

Case  E:  Bullet  wound,  right  chest  and  abdomen.  This  patient  (Fig.  6-5  a)  said 
he  had  been  shot.  The  wound  of  the  lower  right  chest  was  the  entry  wound.  There 
was  no  exit  wound.  The  large  wound  represents  the  entry  wound  of  a  bullet  with 
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Fig.  6-6.  Case  F.  Wound  caused  by  a  ricochet  passing  through  shoulder:  a.  Real  wound, 
b.  Simulation. 


low  stability,  possibly  a  ricochet  (Fig.  6-5  b).  X-ray  (Fig.  6-5  c)  shows  the  bullet 
in  the  perineum  having  traversed  the  ribs,  right  lung,  liver  and  small  bowel. 
[Wound  classification  E4,  XO,  Cl,  FI,  VI,  Ml.] 

Case  F:  Bullet  wound,  left  shoulder.  The  bullet  entered  on  the  front  of  the  shoul¬ 
der  and  caused  complete  destruction  of  the  shoulder  joint  and  all  surrounding  soft 
tissues  (Fig.  6-6  a).  (No  x-ray  was  taken.)  The  tip  of  the  full  metal  jacket  was 
found  in  the  wound.  This  was  almost  certainly  a  ricochet  from  a  shot  fired  at  close 
range.  The  patient  survived  despite  developing  clinical  gas  gangrene  and  under¬ 
going  a  forequarter  amputation.  (For  the  corresponding  simulation,  see  Fig.  6-6  b). 
[Wound  classification  E3,  X30,  Cl,  F2,  VO,  Ml] 

Case  G:  Multiple  fragment  wounds,  right  thigh  and  leg.  (Fig.  6-7  a)  This 
woman  suffered  multiple  small  wounds  of  her  right  thigh  and  leg  from  a  hand 
grenade.  The  x-ray  shows  multiple  small  metallic  fragments.  She  did  not  undergo 
an  operation  and  the  wounds  healed  without  complication.  The  “funnel'’  shape  of 
a  simulated  small  fragment  wound  can  be  seen  in  Fig.  6-7  b.  [Wound  classifica¬ 
tion  for  each  wound:  El,  XO,  CO,  VO,  F0,  Ml.] 

Case  H  Cranio-cerebral  fragment  wound.  (Fig.  6-8  a)  Photograph  of  a  patient 
with  a  cranio-cerebral  fragment  wound  being  prepared  for  surgery.  (Fig.  6-8  b) 
X-ray  showing  the  cranial  entry  wound,  the  cranial  exit  wound,  linear  cranial  frac¬ 
tures  and  the  fragment  itself.  The  wound  track  is  about  12  cm  long.  The  fragment 


Fig.  6-7  a.  Case  G:  Fragment  wounds  caused  Fig.  6-7  b.  Case  G:  Track  of  a  small  frag- 
by  a  hand-grenade.  ment  in  glycerine  soap. 
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Fig.  6-8  a.  Case  H:.  Cranio-cerebral  injury  Fig.  6-8  b.  Case  H:  X-ray.  The  entry  hole 

caused  by  a  fragment.  Entry  wound.  and  the  final  position  of  the  fragment  under 

the  eipcranium  are  clearly  visible. 


was  removed  via  a  separate  occipital  incision  as  it  was  palpable  beneath  the  skin, 
having  exited  the  cranium.  The  “funnel”  shape  of  a  simulated  small  fragment 
wound  can  be  seen  in  Fig.  6-7  b.  [Wound  score  E3,  XO,  CO,  F2,  VI,  Ml.] 

6.3.3  Conclusions 

The  above  comparisons  go  further  than  showing  tracks  in  real  wounds  that  are 
similar  to  wounds  simulated  in  a  laboratory.  They  confirm  two  laboratory  phe¬ 
nomena  that  are  counter-intuitive  from  a  clinical  perspective.  The  first  is  that 
when  a  projectile  passes  through  tissue  at  high  speed,  not  only  does  the  bullet  do 
work  on  the  tissue  but  the  tissue  also  does  work  on  the  bullet.  This  is  the  reason 
why  the  bullet  deforms  or  fragments.  This  has  important  legal  implications  (for 
example,  the  degree  of  deformation  may  indicate  the  range  from  which  the  bullet 
was  fired).  The  second  is  that  the  length  and  breadth  of  the  wound  track  created 
when  a  bullet  passes  through  bone  may  not  differ  significantly  from  those  ob¬ 
served  where  there  was  no  contact  between  bullet  and  bone.  This  second  phe¬ 
nomenon  has  important  clinical  implications  (see  below.) 

We  can  draw  four  main  clinical  conclusions  from  the  above  comparisons.  The 
first  is  that  projectiles  can  cause  a  variety  of  wounds.  The  second  is  that  there  is 
not  always  significant  tissue  damage  along  the  wound  track.  The  third  is  that  the 
tissue  damage  in  a  wound  is  not  uniformly  distributed  along  the  wound  track.  The 
fourth  is  that  real  and  simulated  wound  tracks  would  appear  to  be  similar.  These 
conclusions  support  the  assumption  above,  namely  that  the  point  of  maximum 
energy  transfer  in  a  simulated  track  corresponds  to  the  point  of  maximum  tissue 
damage  in  a  real,  equivalent  wound. 

Whilst  wound  ballistics  studies  may  tell  us  where  in  a  wound  track  (made  by  a 
certain  projectile  travelling  at  a  certain  velocity)  we  will  most  likely  find  the 
greatest  volume  of  dead  or  damaged  tissue,  (see  6.5.1)  the  same  studies  do  not  tell 
us  how  much  tissue  is  dead.  These  studies  also  do  not  tell  us  how  much  tissue  is 
damaged  but  reparable  or  which  tissue,  if  not  removed,  could  act  as  a  culture  me- 
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dium  for  dangerous  pathogens  (COUPLAND  1993b).  These  are  matters  of  judge¬ 
ment  for  the  surgeon  and  represent  difficult  clinical  decisions.  Furthermore,  these 
factors  can  change  over  time  with  changes  in  the  pathophysiological  reaction  to 
the  physical  wounding. 


6.4  Clinical  features  of  real  wounds 

Hospital  staff  working  with  people  wounded  by  weapons  of  war  see  a  perplexing 
variety  of  wounds  of  all  parts  of  the  body.  The  above  comparison  of  real  wounds 
with  simulated  wounds  permits  us  to  summarize  clinical  features  of  the  bullet  and 
fragment  wounds  that  may  be  seen  in  a  hospital  treating  wounded  people. 

Features  of  individual  bullet  wounds: 

-  There  is  usually  a  small  entry  wound  if  the  bullet  is  stable  in  flight  and  is 
not  designed  to  expand  on  impact; 

-  There  is  rarely  a  large  volume  of  tissue  damage  at  a  small  entry  wound; 

-  Extensive  tissue  damage  at  the  entry  most  likely  results  from  a  ricochet  or 
impact  of  an  expanding  bullet; 

-  There  may  be  no  exit  wound;  if  there  is  an  exit  wound,  the  size  is  variable; 

-  The  length  of  the  track  is  variable;  this  is  influenced  by  both  energy  of  the 
bullet  and  its  construction; 

-  The  amount  of  tissue  damage  in  a  wound  is  variable; 

-  Whatever  the  bullets’  construction,  an  x-ray  of  the  wounded  part  commonly 
shows  small  metal  fragment  (COUPLAND  1999). 

In  armed  conflict,  bullet  wounds  are  usually  single,  because  the  wounds  tend  to  be 
sustained  at  longer  range.  Where  there  are  multiple  bullet  wounds,  the  person  has 
usually  been  shot  at  close  range.  This  means  that  the  wound  severity  is  com¬ 
pounded  not  only  by  the  multiple  wounds  but  also  by  the  higher  energy  deposit 
from  the  bullets  having  been  fired  at  closer  range. 

Features  of  individual  fragment  wounds: 

-  The  wound  track  is  always  widest  at  the  entry  and  therefore  the  most  tissue 
damage  is  near  the  entry. 

-  The  length  of  each  track  and  the  degree  of  tissue  damage  are  determined  by 
the  mass  and  velocity  of  the  fragment. 

-  The  entry  is  more  or  less  circular  whatever  the  shape  of  the  fragment. 

When  people  suffer  wounds  from  fragmentation  weapons,  the  wounds  are  usually 
multiple.  The  number  of  wounds  is  determined  by  the  kind  of  weapon  and  how 
close  the  person  is  to  the  source  of  the  fragments.  There  may  also  be 
accompanying  blast,  burn  or  crush  injuries. 
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Some  anatomical  features  of  wounds  can  be  “scored”  using  the  Red  Cross 
wound  classification.  (See  6.6) 

6.5  The  contribution  of  wound  ballistics  to  the  care  of 
wounded  people 

Certain  observations  regarding  simulated  wound  tracks  have  important  implica¬ 
tions  for  the  care  of  wounded  people,  as  do  the  comparisons  in  6.3. 

6.5.1  The  “wound  profile” 

The  concept  of  the  wound  profile  is  an  important  conceptual  tool  when  consider¬ 
ing  wounds  (Fackler  et  al.  1985).  Its  origin  lies  in  the  observation  that  the  de¬ 
posit  of  energy  along  a  wound  track  is  not  uniform.  The  concept  allows  people 
with  minimal  experience  of  ballistic  trauma  to  understand  where  there  may  be  the 
most  energy  deposit  along  a  track  and  therefore  where  most  tissue  damage  is 
likely  to  be  located.  It  also  makes  a  clinically  important  distinction  between  bullet 
wounds  and  fragment  wounds. 

The  most  clinically  relevant  element  of  this  is  that  both  bullets  and  fragments  can  penetrate  the 
body  and  yet  cause  little  tissue  damage. 

Bullets  of  whatever  velocity,  if  stable  in  flight  (see  2.3.5. 1),  may  make  a  wound 
track  that  begins  with  a  narrow  channel.  If  the  total  length  of  the  wound  track  is 
short  (e.g.  across  a  limb)  then  there  may  be  little  tissue  damage  along  the  track. 
Likewise,  the  tissue  damage  in  a  small  fragment  wound  may  be  confined  to  the 
first  centimetre  of  its  track,  with  little  tissue  damage  from  there  on.  Such  wounds, 
if  they  only  affect  soft  tissue,  may  not  require  an  operation  to  remove  dead  or 
damaged  tissue  because  the  volume  of  such  tissue  is  minimal.  This  has  important 
implications  for  treating  people  with  multiple  small  fragment  wounds  (COUPLAND 
1993a,  Bowyer  1997).  In  turn,  this  has  important  implications  for  surgical  work¬ 
load,  triage  and  the  management  of  multiple  admissions  to  hospital.  People  with 
multiple  small  fragment  wounds  often  arrive  in  groups;  a  policy  of  initially  not 
operating  in  the  case  of  small  soft  tissue  wounds  has  important  implications  for 
running  a  hospital  in  a  conflict  area. 

6.5.2  What  causes  tissue  damage? 

Wound  ballistics  studies,  such  as  those  using  high  speed  photography  of  projec¬ 
tiles  passing  through  gelatine,  show  that  as  the  moving  projectile  does  work  on  the 
tissue,  the  tissue  accelerates  away  from  the  presenting  point  of  the  projectile. 
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This  acceleration  is  the  result  of  the  work  done  on  the  medium  by  the  bullet  (see  also  3.2,  espe¬ 
cially  3.2. 1.1). 

The  two  possible  mechanisms  of  tissue  damage  therefore  are  crush  or  laceration. 
A  projectile  that  causes  minimal  tissue  damage  at  a  given  point  in  its  track  is 
causing  less  crush  by  comparison  with  laceration.  This  is  compatible  with  the  no¬ 
tion  that  narrow  wound  tracks  contain  little  tissue  damage  (see  6.5.1). 

Laceration  of  tissue  may  also  lacerate  blood  vessels.  This  may  also  result  in 
necrosis  near  to  the  track,  but  from  ischaemia  as  opposed  to  crush. 

The  question  is  often  raised  of  whether  a  shock  wave  (see  4.3.2)  is  clinically 
significant.  Shock  waves  generally  do  not  cause  tissue  damage;  they  do  not  actu¬ 
ally  move  tissue  and  therefore  carry  little  energy  and  therefore  cannot  do  physical 
work.  However,  clinical  cases  are  occasionally  seen  in  which  a  projectile  passes 
close  to  tissue  that  conducts  electrical  impulses,  without  obviously  damaging  the 
tissue,  and  yet  the  electrical  function  of  the  tissues  suffers  disruption. 

One  example  is  paraplegia  resulting  from  a  wound  track  that  passes  close  to  but  not  through  the 
vertebral  column.  Recovery  from  such  paraplegia  may  be  possible.  However,  this  remains  largely 
a  clinical  observation. 

How  the  electrical  conductivity  of  certain  tissues  is  disrupted  by  the  shock  wave 
has  been  investigated  in  vitro  (see  4. 3. 2. 3)  but  has  not  been  extensively  investi¬ 
gated  in  vivo  (see  6.5.7). 

6.5.3  Gas  in  tissues  on  a  clinical  x-ray 

Gas  is  frequently  seen  on  x-rays  of  a  wounded  part.  Wound  ballistics  studies  show 
how  the  passage  of  a  projectile  causes  a  vacuum  which,  on  collapsing,  sucks  in 
air.  This  is  also  the  mechanism  by  which  a  wound  becomes  contaminated. 

One  of  the  many  misperceptions  in  the  overlapping  domains  of  surgery  and 
wound  ballistics  is  that  all  "high  velocity”  wounds  cause  massive  tissue  destruc¬ 
tion.  This  myth,  combined  with  the  surgical  history  of  World  War  I,  has  left  the 
notion  in  the  collective  surgical  mind  that  gas  gangrene  in  penetrating  trauma  is 
common,  if  not  inevitable.  This  is  not  the  case.  The  belief  has  led  to  unnecessarily 
aggressive  surgical  regimes.  All  wounds  are  contaminated;  they  are  not  all  in¬ 
fected  (Mellor  1997).  They  are  certainly  not  all  infected  with  gas-producing 
clostridial  bacteria. 

6.5.4  The  “hot  bullet”  theory 

Another  surgical  myth  is  that  the  heat  of  a  bullet  sterilizes  tissue  as  it  passes 
through.  Whilst  it  is  true  that  a  bullet  recovered  soon  after  being  shot  is  hot  to  the 
touch,  wound  ballistics  studies  show  that  the  time  of  contact  between  the  bullet 
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Fig.  6-9.  Comparison  between  a 
wound  profile  where  the  bullet  has 
passed  through  bone  (top)  and  one 
where  it  has  not  (bottom).  The 
length  of  the  narrow  channel  and  the 
point  of  maximum  energy  transfer 
are  virtually  identical  in  the  two 
cases. 


and  tissue  is  so  short  that  there  is  simply  not  enough  time  for  the  bullet  to  transfer 
its  heat  to  the  tissue  (see  also  3. 2. 6. 4). 

6.5.5  Long  bone  fractures 

Wound  ballistics  studies  have  significantly  enhanced  our  understanding  of  the 
mechanism  of  fractures  (see  3.2.5).  Simulated  wounds  show  that  the  wound  pro¬ 
file  changes  little  if  the  projectile  encounters  bone  in  its  passage  through  the  body. 

The  laboratory  demonstration  that  best  illustrates  this  comprises  shooting  into  a  gelatine  block 
which  incorporates  a  polyurethane  “bone”  covered  with  a  latex  “periosteum”  (see  3.2.5  and  3.3.5). 

The  effects  of  low  energy  transfer  from  a  full-metal  jacket  with  high  energy  trans¬ 
fer  from  a  semi-jacket  bullet  of  the  same  weight  and  velocity  are  compared  in 
Coupland  et  al.  (2000).  The  fact  that  the  wound  profile  is  little  changed  by  con¬ 
tact  with  bone  (see  Fig.  6-9),  shows  that  comminuted  fractures  seen  on  clinical  x- 
rays  can  be  associated  with  low-energy  wounds.  In  such  cases,  the  surrounding 
structures,  including  the  periosteum,  are  likely  to  remain  intact.  By  contrast,  a 
high-energy  wound  not  only  causes  a  comminuted  fracture  but  also  destroys  the 
surrounding  structure.  In  the  low-energy  wound,  most  bone  fragments  will  still  be 
attached  to  soft  tissue,  maintaining  their  blood  supply.  The  high-energy  wound 
will  contain  many  loose  bone  fragments,  which  should  be  removed  during  wound 
excision.  Furthermore,  the  two  wounds  have  quite  different  bone-healing  capaci¬ 
ties.  This  has  implications  for  wound  healing,  the  method  of  fracture  stabilization, 
physiotherapy,  duration  of  hospital  stay,  risk  of  amputation  and  residual  disability. 

A  clinical  x-ray  is  not  by  itself  a  reliable  indicator  of  the  extent  of  tissue  dam¬ 
age  around  the  fracture.  When  describing  low-energy  fractures  to  surgeons  unfa¬ 
miliar  with  wound  ballistics,  it  is  sometimes  useful  to  use  the  analogy  of  a  wine 
bottle  hanging  in  a  sock.  This  parallel  describes  tapping  a  wine  bottle  (the  bone) 
which  is  hanging  in  a  sock  (the  surrounding  soft  tissues)  with  a  hammer.  The  bot¬ 
tle  will  fracture  into  many  pieces  but  the  sock  remains  intact.  Whilst  this  is  a 
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crude  analogy,  it  serves  the  purpose  of  illustrating  how  a  comminuted  fracture  can 
be  produced  with  little  energy  transfer  and  so  little  energy  transfer  to  surrounding 
tissues. 

The  same  wound  ballistics  experiments  show  that  bone  fragments  do  not  act  as 
secondary  projectiles;  they  do  not  inherit  enough  kinetic  energy  from  the  projec¬ 
tile  to  penetrate  tissue  beyond  the  temporary  cavity.  This  means  that  the  detached 
bone  fragments  that  the  surgeon  should  remove  during  wound  excision  lie  in  the 
wound  cavity  and  not  in  their  own  tracks. 

6.5.6  Cranio-cerebral  wounds 

The  head  model  shown  in  3. 3. 5. 3  is  important  for  surgeons  as  well  as  for  forensic 
specialists.  The  model  shows  the  sort  of  cranio-cerebral  wounds  that  a  person 
might  survive.  The  head  model  shows  how  bone  fragments  that  appear  to  have 
been  driven  into  the  brain  are  in  fact  embedded  in  lacerated  tissue  (see  Fig.  3-40). 
The  head  wound  model  also  shows  how  deeply  these  bone  fragments  may  be  em¬ 
bedded.  Removing  bone  fragments  to  avoid  later  brain  abscess  or  epilepsy  need 
not  involve  traversing  undamaged  brain  tissue. 

6.5.7  Unresolved  issues 

The  above  shows  how  wound  ballistics  can  be  used  to  draw  up  science-based 
treatment  guidelines  and  operative  guidelines  for  the  surgeon.  There  are  a  number 
of  issues  of  critical  importance  to  the  surgical  care  of  wounded  people,  to  which 
wound  ballistics  has  yet  to  make  a  major  contribution.  This  stems  from  the  fact 
that  these  issues  pertain  more  to  understanding  the  pathophysiology  resulting  from 
the  physical  process  rather  than  to  understanding  the  physical  process  itself.  De¬ 
veloping  valid  models  to  simulate  such  processes  will  always  be  extremely  diffi¬ 
cult. 

One  example  has  already  been  given  in  6.5.2:  the  question  of  how  the  normal  electrical  function  of 
certain  cells  might  be  disrupted  by  a  shock  wave.  Two  other  such  issues  are  addressed  here. 

Flow  much  tissue  needs  to  be  removed  during  wound  excision  is  still  a  matter  of 
surgical  judgement.  Whilst  tissue  is  clearly  damaged  along  a  wound  track  and  the 
degree  of  damage  is  not  uniform,  there  is  little  evidence  which  can  be  brought  to 
bear  on  the  questions  of  which  tissue  is  dead,  which  is  damaged  but  viable  and 
which  tissue  must  be  removed.  As  we  saw  in  6.5.1,  it  may  be  possible  to  manage 
wounds  with  minimal  tissue  damage  without  operating.  It  is  far  from  clear  what 
volume  of  potential  “culture  medium’’  in  a  wound  can  be  accepted;  this  will  cer¬ 
tainly  change  according  to  the  part  of  the  body  injured,  whether  muscles  were 
contracted  at  the  time  of  impact  and  context  (which  might  determine  for  example 
the  nature  and  extent  of  wound  contamination).  In  the  same  vein,  it  is  a  matter  of 
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surgical  judgment  as  to  which  bone  fragments  in  a  wound  should  be  removed. 
Clearly,  bone  fragments  that  are  completely  detached  and  lying  free  in  the  wound 
cavity  must  be  removed  and  those  still  firmly  attached  to  soft  tissue  must  be  left  in 
place.  However,  one  frequently  finds  a  large  piece  of  bone  with  minimal  attach¬ 
ment  to,  and  therefore  potential  blood  supply  from,  surrounding  soft  tissues. 
Whether  to  remove  such  partially  attached  bone  fragments  can  be  a  difficult  deci¬ 
sion. 

Blood  vessel  injury  is  common  in  ballistic  trauma.  The  projectile  can  lacerate  a 
major  vessel.  The  surgical  decision  as  to  whether  to  repair  a  lacerated  vessel  is 
relatively  easy.  A  more  difficult  clinical  decision  relates  to  a  vessel  that  has  not 
been  lacerated  but  is  near  to  the  wound  track  and  has  been  crushed.  There  is  a 
presumed  risk  of  thrombus  formation  following  intimal  damage.  Should  the  af¬ 
fected  part  of  the  vessel  be  excised  or  repaired?  This  is  a  very  difficult  decision  in 
a  field  hospital,  which  may  not  have  the  facilities  for  performing  an  arteriogram. 
There  is  no  adequate  model  of  this  wound  at  present. 

In  brief,  wound  ballistics  studies  tell  us  why  we  have  damaged  tissue  in  the 
track  of  a  projectile  and  where  we  will  find  damaged  tissue;  such  studies  have  not 
as  yet  told  us  what  to  do  with  this  damaged  tissue. 


6.6  Documenting  ballistic  trauma 

6.6.1  Overview 

Surgeons  see  (and  can  document)  a  variety  of  wounds.  The  parameters  that  vary 
between  wounds  are  as  follows: 

The  mass  of  the  projectile. 

The  velocity  of  the  projectile. 

The  design  of  the  projectile  (in  the  case  of  bullets). 

The  width  of  the  body  between  the  entry  and  exit  (if  there  is  an  exit.) 

The  tissue  in  the  track  of  the  projectile. 

As  this  section  has  shown,  wound  ballistics  studies  provide  the  basis  for  under¬ 
standing  this  heterogeneity.  The  surgical  task  presented  by  any  wound  depends  on 
the  its  severity,  i.e.  the  degree  of  tissue  damage  and  the  structure(s)  injured.  Rec¬ 
ognising  the  heterogeneity  of  wounds  is  an  important  step  in  their  surgical  man¬ 
agement.  This  demands  a  clinical  classification  of  wounds  based  on  the  features 
of  the  wound,  rather  than  on  the  weaponry  or  the  presumed  velocity  of  the  projec¬ 
tile.  This  is  the  basis  of  the  Red  Cross  wound  classification  (COUPLAND  1991). 
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6.6.2  Scoring  wounds  in  the  field 

The  Red  Cross  wound  classification  is  a  system  whereby  certain  features  of  a 
wound  are  scored:  the  size  of  the  skin  wound(s)  (E  and  X);  whether  there  is  a 
cavity  (C),  a  fracture  (F),  or  a  vital  structure  injured  (V);  and  the  presence  or  ab¬ 
sence  of  metallic  foreign  bodies  (M).  A  numerical  value  is  given  to  each  feature. 
This  scoring  system  is  intended  for  quick  and  easy  use  in  the  field  (Bowyer  et  al. 
1993,  Bowyer  1995). 

See  6.3  for  the  wound  scores  for  cases  A  -  H. 

From  the  score,  the  wound  can  be  graded  according  to  size  by  the  E,  X  and  C 
scores  (grade  1  -  small  penetrating  wounds;  grade  2  -  wounds  with  a  cavity  but 
skin  wounds  measuring  less  than  10  cm;  grade  3  -  wounds  with  a  cavity  and  skin 
wounds  measuring  10  cm  or  more)  and  typed  according  to  structures  injured  (type 
ST  -  soft  tissue  only:  (F  =  0  and  V  =  0);  type  F  -  fracture;  type  V  -  vital  injury, 
type  VF  -  vital  injury  and  fracture.  The  three  grades  and  the  four  types  then  com¬ 
bine  to  give  twelve  possible  categories.  Any  wound,  from  any  weapon,  of  any  part 
of  the  body,  can  be  placed  in  one  of  these  categories.  All  wounds  in  a  given  cate¬ 
gory  carry  comparable  clinical  significance. 

By  scoring  wounds,  a  surgeon  is  assessing  wounds  in  clinical  terms.  Surgical 
communication  about  wounds  is  facilitated.  The  classification  permits  comparison 
between  treatments  of  identical  wounds  and  prognoses  for  similar  wounds.  In  the 
case  of  a  “gunshot  wound  of  the  thigh,"  for  instance,  the  treatment  and  prognosis 
differs  according  to  the  amount  of  tissue  damage,  the  degree  of  bone  comminution 
and  whether  the  femoral  vessels  are  injured.  Before  one  can  determine  which  kind 
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Type 

Score 

Description 

E 

Entry 

in  cm 

Estimate  the  maximum  diameter  of  the  Entry  wound  (in 
centimetres) 

X 

Exit 

in  cm 

Estimate  the  diameter  of  the  eXit  wound  (in  centimetres)  (X  =  0 
if  no  exit) 

C 

Cavity 

CO 

Can  the  Cavity  of  the  wound  take  two  fingers  before  surgery? 

C  1 

No:  C  =  0;  Yes:  C  =  1;  this  may  be  obvious  before  operation  or 
established  only  after  skin  incision;  for  chest  or  abdomen 
wounds  it  refers  to  the  wound  of  the  chest  or  abdominal  wall. 

F 

Fracture 

F0 

No  Fracture:  F  =  0;  simple  fracture,  hole  or  insignificant 

F  1 

F  2 

comminution:  F  =  1;  clinically  significant  comminution:  F  =  2. 

V 

Vital  structure 

VO 

Are  Vital  structures  injured  -  brain,  viscera  (breach  of  dura, 

V  1 

pleura  or  peritoneum)  or  major  vessels?  No:  V  =  0;  Yes:  V  =  1. 

M 

Metallic  body 

MO 

Bullet  or  metal  fragments  visible  on  radiographs.  None:  M  =  0; 

M  1 

one  Metallic  body:  M  =  1;  multiple  metallic  bodies:  M  =  2. 

M2 
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of  fracture  fixation  is  best  for  a  femur  fracture,  the  patient’s  wounds  must  be  cate¬ 
gorized  according  to  grade  and  type. 

Wound  scoring  has  implications  beyond  its  application  to  individual  patients  in 
a  hospital.  This  procedure  may  make  it  possible  to  audit  surgical  care  or  a  surgical 
hospital.  It  also  provides  a  means  of  transferring  wound  data  from  the  field,  e.  g. 
for  promoting  the  application  of  international  humanitarian  law. 

6.6.3  The  role  of  surgeons  and  the  application  of  international 
humanitarian  law 

One  of  the  most  common  accusations  of  1HL  violations  is  that  the  adversary  is 
using  bullets  prohibited  by  the  1899  Hague  Declaration.  These  claims  are  fre¬ 
quently  initiated  by  surgeons. 

Any  healthcare  professional  making,  supporting  or  investigating  such  claims 
must  be  familiar  with  wound  ballistics.  The  kind  of  information  that  is  required  to 
substantiate  such  a  claim  includes:  documentation  of  large  wounds  including 
clinical  photographs,  x-ray  evidence  or  removal  at  operation  of  the  typical  ex¬ 
panding  bullet  (see  Fig.  3-11,  for  instance).  The  presence  of  metal  fragments  on 
an  x-ray  of  a  bullet  wound  is  not  an  indication  that  the  bullet  was  of  a  prohibited 
type  (Coupland  1999a).  This  is  an  example  of  how  wound  ballistics  can  form  the 
critical  interface  between  the  care  of  wounded  people,  the  ethical  responsibilities 
of  healthcare  professionals  and  international  law. 

6.6.4  Documenting  ballistic  trauma  -  a  wider  responsibility  for 
health  professionals? 

One  has  only  to  watch  the  news  to  see  that  how  injury  and  suffering  result  from 
the  use  of  weapons  that  inflict  injury  by  ballistic  trauma;  artillery,  mortars,  bombs, 
grenades,  assault  rifles  and  handguns.  It  is  not  only  the  technical  features  of  these 
weapons  such  as  rate  of  fire,  bullet  velocity  or  area  covered  by  explosive  force 
that  are  responsible  for  these  effects  but  also  their  widespread  availability  and, 
above  all,  how  they  are  used.  Civilians  suffer,  as  well  as  combatants.  Ballistic 
trauma  is  a  major  factor  in  how  international  affairs  are  played  out.  This  is  a  mas¬ 
sive  global  health  issue,  which  demands  prevention.  That  prevention  lies  largely 
in  the  hands  of  politicians.  Sections  6.5.2  and  6.5.3  raise  the  following  question: 
given  that  surgeons  frequently  witness  the  effects  of  armed  violence  -  ballistic 
trauma  -  do  they  bear  a  wider  responsibility  in  terms  of  prevention  and  the  pursuit 
of  justice? 

The  surgeon’s  responsibility  extends  beyond  the  treatment  of  wounded  people; 
he  or  she  also  has  a  responsibility  to  document  in  objective  terms  the  ballistic 
trauma  they  observe.  Apart  from  putting  surgeons  in  a  strong  position  to  advocate 
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immediate  preventive  policies,  the  collection,  analysis  and  communication  of  such 
data  underpin  the  raison  d’etre  of  the  international  legal  instruments  that  consti¬ 
tute  the  broader  mechanisms  of  prevention.  These  mechanisms  include  interna¬ 
tional  humanitarian  law,  the  Charter  of  the  United  Nations,  the  international  laws 
of  arms  control  and  disarmament,  and  human  rights  law.  These  bodies  of  law  rep¬ 
resent  management  of  ballistic  trauma  in  a  much  wider  sense. 

In  considering  this  wider  view  of  surgeons'  responsibilities,  it  is  worth  bearing 
in  mind  recent  developments  in  international  law.  The  International  Criminal 
Court  has  been  set  up,  with  the  aim  of  limiting  the  absolute  worst  excesses  of 
armed  violence.  The  court  has  jurisdiction  over  the  crime  of  aggression,  the  crime 
of  genocide,  crimes  against  humanity  and  war  crimes.  The  crimes  have  been  pre¬ 
cisely  defined  in  legal  terms  and,  not  surprisingly,  virtually  every  crime  listed 
represents  the  result  of  ballistic  trauma  or  the  threat  of  it  (INTERNATIONAL 
Criminal  Court  1998).  A  surgeon  treating  ballistic  trauma  cannot  do  so  in  iso¬ 
lation  from  the  context  in  which  that  trauma  was  suffered. 

Documenting  ballistic  trauma  is  the  surest  way  to  bring  science  to  the  political 
concept  of  human  security  (Taback  and  COUPLAND  2007). 
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Wound  ballistics  and  international  agreements 

B.  P.  Kneubuehl 


7.1  Introduction 

All  the  international  agreements  related  to  the  effects  of  military  firearms  came 
into  being  during  the  second  half  of  the  19th  Century,  which  is  exactly  when  these 
weapons  and  the  associated  ammunition  were  undergoing  their  period  of  most 
rapid  development.  This  is  no  coincidence;  the  agreements  had  to  be  drawn  up  in 
response  to  the  developments. 

We  shall  therefore  start  this  chapter  with  an  overview  of  the  history  of  such 
weapons  and  their  ammunition.  The  emphasis  will  be  on  the  consequences  of  the 
technological  developments  and  related  design  in  terms  of  ballistics  and  wound 
ballistics,  rather  than  on  development  and  design  per  se. 


7.2  History  of  firearms  and  ammunition 

7.2.1  General 

The  history  of  firearms  is  inextricably  intertwined  with  that  of  gunpowder.  The 
oldest  known  European  formulation  for  a  usable  propellant  -  a  mixture  of  char¬ 
coal,  sulphur  and  saltpetre  -  is  said  to  have  been  recorded  by  the  English  monk 
Roger  Bacon  in  1250.  German  records  credit  Franciscan  monk  Berthold  Schwarz 
with  the  invention  of  “black  powder.”  Tie  experimented  with  the  same  three  ingre¬ 
dients  at  the  beginning  of  the  14th  Century,  firing  stones  and  iron  balls  into  the  air 
from  containers.  The  same  mixture  had  been  described  in  the  Middle  and  Far  East 
centuries  before,  however,  where  uses  had  included  rockets. 

The  history  of  firearms  becomes  interesting  in  terms  of  physics  and  ballistics 
from  around  1800.  A  number  of  major  inventions  appeared  during  the  19th  Cen¬ 
tury,  with  the  result  that,  by  the  end  of  that  century,  the  effectiveness  of  small 
amts  had  almost  reached  today’s  levels. 
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7.2.2  The  development  of  ammunition 

7. 2.2 .1  The  situation  in  1800 

At  the  beginning  of  the  1 9th  Century,  most  European  armies  were  using  smooth- 
bored  muskets  with  calibres  of  around  18  mm.  These  were  flintlock  muzzleload- 
ers,  firing  lead  balls  weighing  30  to  35  g.  Their  ammunition  therefore  consists  of 
separate  components:  lead  balls  and  black  powder.  To  simplify  loading,  the  di¬ 
ameter  of  the  ball  was  approximately  1  mm  less  than  that  of  the  barrel.  The  re¬ 
sulting  gap  was  closed  off  using  a  “patch”  of  greased  cotton.  However,  the  patch 
had  a  negative  effect  on  accuracy,  as  it  caused  considerable  variation  in  the  direc¬ 
tion  the  ball  took  on  leaving  the  muzzle.  Sectional  density  (mass  per  unit  area),  an 
important  factor  in  assessing  the  ballistics  of  a  projectile,  was  approximately 
0.135  g/mm2. 

However,  weapons  with  rifled  barrels  were  already  in  use,  known  as  rifles.  At 
14  to  17  mm,  their  calibre  was  generally  smaller  than  that  of  a  musket.  However, 
these  rifles  were  more  difficult  to  load,  as  the  ball  had  to  be  hammered  into  the 
barrel  to  seat  it  in  the  rifling.  This  meant  that  rifles  were  not  in  widespread  ser¬ 
vice,  and  were  mainly  used  for  hunting. 

Rifles  also  fired  lead  balls,  albeit  much  more  accurately  than  did  muskets,  as 
the  projectile  was  guided  along  the  barrel.  This  state  of  affairs  lasted  until  around 
the  middle  of  the  19th  Century.  This  was  the  point  at  which  paper  cartridges  came 
into  use,  their  aim  being  to  speed  up  the  loading  process.  The  powder  was  pre¬ 
measured  and  was  rolled  up  in  a  piece  of  paper,  along  with  the  ball. 

7. 2.2.2  The  elongated  bullet 

Considerable  thought  was  given  to  the  question  of  how  best  to  load  a  rifle.  As 
early  as  1828,  French  Captain  Delvigne  had  invented  a  solution  consisting  of  a 
lead  ball  with  a  cylindrical  shaft,  the  diameter  of  which  was  slightly  smaller  than 
the  calibre.  This  projectile  could  easily  be  pushed  down  the  barrel  to  a  point  just 
in  front  of  the  powder  chamber.  Here,  it  was  pressed  onto  a  spike  that  extended 
into  the  powder  chamber  with  a  few  blows.  This  pressed  the  lead  into  the  rifling, 
ensuring  that  the  projectile  was  guided  as  it  passed  along  the  barrel  on  firing. 
However,  the  first  idea  to  be  adopted  was  that  of  another  Frenchman.  In  1848, 
Captain  Minie  also  designed  a  projectile  with  a  cylindrical  shaft,  but  his  model 
included  a  hollow  in  the  base.  The  pressure  developed  by  the  expanding  gases 
pressed  the  walls  of  the  projectile  into  the  rifling,  causing  the  projectile  to  rotate. 
The  fact  that  the  rear  of  the  bullet  expanded,  led  to  its  becoming  known  as  the 
“expanding  bullet.”  The  name  referred  only  to  the  behaviour  of  the  bullet  in  the 
barrel,  not  to  any  expansion  on  impact. 

This  innovation  was  intended  to  facilitate  loading,  but  in  fact  became  one  of 
the  most  ballistically  significant  in  the  history  of  firearms.  The  ball  with  the  cylin- 
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drical  shaft  was,  in  effect,  the  first  bullet,  a  projectile  with  a  significantly  higher 
sectional  density  for  the  same  calibre.  There  was,  however,  an  interior  ballistics 
problem:  An  elongated  bullet  with  the  same  diameter  as  the  musket  balls  in  use  at 
the  time  would  have  been  so  heavy  that  the  typical  powder  load  of  8  to  12  g 
would  have  been  incapable  of  imparting  sufficient  initial  velocity. 

Increasing  the  load  was  not  an  option,  as  this  would  have  led  to  excessively 
high  pressure  in  the  powder  chamber.  The  solution  was  to  reduce  the  calibre.  The 
new  rifles  had  calibres  of  some  10.5  to  13.9  mm,  and  the  bullets  they  fired 
weighed  approximately  18  to  20  g  (in  the  case  of  a  10.5  mm  bullet).  This  resulted 
in  a  sectional  density  of  0.20  to  0.23  g/mm',  which  was  still  an  increase  over  the 
sectional  density  of  a  musket  ball,  despite  the  reduced  calibre. 

7. 2.2.3  The  primer 

The  means  of  igniting  the  powder  had  also  undergone  some  change  in  the  mean¬ 
time.  In  1800,  most  muskets,  rifles  and  pistols  were  equipped  were  flintlocks  or 
wheel-locks,  making  the  ignition  of  the  powder  the  task  of  the  weapon.  The  dis¬ 
covery  of  substances  that  could  be  detonated  by  impact,  such  as  potassium  chlo¬ 
rate  or  mercury  fulminate,  led  in  1805  to  the  invention  of  percussion  ignition  by 
Scots  clergyman  Alexander  FORSYTH.  His  mechanism  used  potassium  chlorate 
tablets  mounted  on  paper  strips.  However,  percussion  ignition  only  entered  wide¬ 
spread  use  after  an  Englishman  by  the  name  of  Egg  invented  the  percussion  cap 
in  1818.  This  was  a  copper  cup  containing  mercury  fulminate  that  was  pushed 
onto  the  flash  hole.  When  the  weapon  was  fired,  the  hammer  caused  the  mercury 
fulminate  to  ignite  and  the  resulting  flame  ignited  the  powder  via  the  flash  hole. 
This  meant  that  the  weapon  was  no  longer  responsible  for  igniting  the  powder  -  it 
had  only  to  perform  mechanical  work.  The  igniter  system  finally  became  part  of 
the  ammunition  with  the  invention  of  the  Dreyse  needle  gun  in  1841.  This  was 
one  of  the  first  breech  loaders  and  the  very  first  weapon  to  use  a  paper  cartridge 
containing  the  bullet,  propellant  and  means  of  ignition.  The  bullet  was  pressed 
into  a  cardboard  sabot,  the  base  of  which  contained  the  percussion  cap.  The  black 
powder  charge  was  behind  this.  When  the  weapon  was  fired,  a  needle  was 
rammed  through  the  charge  into  the  percussion  cap.  In  the  French  Chassepot  sys¬ 
tem,  the  percussion  cap  was  located  behind  the  powder,  as  in  a  modern  cartridge. 

7. 2.2.4  The  metal  cartridge 

Around  the  middle  of  the  19th  century,  the  French  rifle  gunsmith  Flobert  pre¬ 
sented  the  first  cartridges  made  of  metal.  These  were  in  effect  elongated  primer 
caps  reinforced  with  a  rim  at  the  base,  with  a  lead  sphere  pressed  into  the  opening. 
The  primer  incorporated  into  the  rim  was  ignited  by  striking,  hence  the  name 
“rimfire  cartridge,”  although  “Flobert  cartridge”  is  also  used.  This  type  of  car¬ 
tridge  contains  no  powder,  the  bullet  being  propelled  purely  by  the  primer  cap. 
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The  rimfire  principle  invented  by  Flobert  is  still  in  use,  the  22  long  rifle 
(22  L.R.)  being  the  best-known  example. 

The  first  large-calibre  metal  cartridges  were  developed  in  the  United  States, 
and  already  saw  service  in  the  US  Civil  War  (1861-1865).  These  cartridges  used 
Flobert’ s  rimfire  system.  Shortly  afterwards,  metal  cartridges  with  primer  caps 
were  introduced.  The  primer  cap  was  incorporated  into  the  base  of  the  cartridge 
and  fired  the  propellant  via  a  flash  hole. 

The  metal  cartridge  also  solved  the  obturation  problem  that  had  hitherto  con¬ 
fronted  the  designers  of  breech  loaders.  The  pressure  generated  as  the  powder 
burned  pressed  the  walls  of  the  cartridge  firmly  against  the  walls  of  the  chamber, 
thereby  preventing  the  escape  of  gases.  As  a  result,  metal  cartridges  were  often 
described  as  “self-sealing.”  This  innovation  meant  that  the  cartridge  case  had 
taken  over  a  further  function  previously  performed  by  the  weapon. 

7. 2.2. 5  Smokeless  powder 

Percussion  ignition  and  elongated  bullets  formed  the  basis  for  a  period  of  inten¬ 
sive  development  in  the  field  of  ammunition  during  the  second  half  of  the  19th 
century.  At  the  beginning  of  the  1880s,  there  was  little  room  for  further  improve¬ 
ment  to  cartridges  using  the  technology  of  the  time.  The  calibre  had  been  reduced 
to  between  10.5  and  13.6  mm.  Bullets  weighed  between  20  and  30  g.  A  black 
powder  load  of  approximately  5  g  made  it  possible  to  attain  initial  velocities  of 
approximately  450  m/s.  Flowever,  the  trajectories  of  these  bullets  were  still  very 
sharply  curved.  To  achieve  flatter  trajectories,  it  would  have  been  necessary  to 
increase  the  velocities  dramatically.  This  was  clear  from  the  (then)  young  science 
of  ballistics.  There  were,  however,  a  number  of  obstacles  to  increasing  the  initial 
velocity:  Increasing  the  load  would  have  required  a  heavier  weapon,  and  would 
also  have  led  to  increased  recoil,  as  recoil  is  proportional  to  muzzle  momentum. 
Tests  were  conducted  with  smaller  calibres,  as  the  correspondingly  reduced  sec¬ 
tional  densities  were  more  favourable  in  terms  of  interior  ballistics. 

It  was  during  precisely  this  period  that  nitrocellulose-based  smokeless  powder 
was  invented,  nitrocellulose  having  been  invented  by  German  chemist  SCHONBEIN 
in  1846.  This  new  powder  (also  known  as  nitrocellulose  powder)  had  a  number  of 
major  advantages:  When  black  powder  is  ignited,  only  about  half  of  it  is  con¬ 
verted  into  gas,  with  the  remainder  being  turned  into  soot  and  smoke.  By  contrast, 
nitro  powder  leaves  less  than  1%  solid  residue.  This  meant  that  more  powder  was 
converted  into  energy  and  significantly  reduced  fouling  of  the  weapon.  Further¬ 
more,  it  was  easier  to  control  the  combustion  of  the  powder  by  modifying  the 
shape  of  the  grains,  thereby  obtaining  the  best  possible  pressure/time  curves. 

The  introduction  of  smokeless  powder  allowed  for  a  number  of  major  im¬ 
provements.  The  higher  energy  yield  and  the  more  advantageous  pressure/time 
curve  gave  bullet  designers  more  freedom:  bullets  were  made  longer  and  thinner. 
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Despite  the  reduction  in  calibre,  sectional  densities  rose  to  approximately 
0.3  g/mm2  and  the  new  propellant  made  it  possible  to  achieve  muzzle  velocities  of 
600  m/s.  The  new  weapons  had  calibres  of  7  to  8  mm  and  fired  bullets  weighing 
10  to  15  g.  The  limiting  factor  on  further  increases  in  performance  was  now  the 
bullet. 

Fig.  7-1  shows  the  development  of  small  arms  ammunition  from  powder  horn 
to  metal  cartridge  and  from  lead  ball  to  jacketed  bullet  in  the  case  of  Swiss  army 
ammunition. 

7. 2.2.6  Bullets 

A  requirement  for  more  effective  bullets  emerged  at  the  beginning  of  the  second 
half  of  the  19th  century.  Munitions  and  other  military  assets  could  easily  be  pro¬ 
tected  against  the  relatively  low-velocity  bullets  used  at  the  time.  Various  types  of 
canister  and  incendiary  bullet  were  developed  between  1850  and  1860.  Canister 
rounds  consisted  of  four  to  five  smaller  projectiles  that  separated  on  leaving  the 
muzzle.  Incendiary  bullets  were  hollow  projectiles  filled  with  a  primer  or  fine 
powder,  and  incorporated  some  means  of  igniting  the  charge  they  carried.  Such 
projectiles  had  horrific  effects  if  they  happened  to  hit  persons  rather  than  inani¬ 
mate  targets.  As  a  result,  such  projectiles  were  (and  still  are)  prohibited  under  the 
St  Petersburg  Declaration  of  1868. 
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Fig.  7-1.  Development  of  small  arms  ammunition  since  the  begin  of  the  19th  century  in  the  case 
of  Swiss  army  ammunition.  In  other  countries  the  development  proceeded  very  similar. 
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A  technical  problem  arose  following  the  introduction  of  smokeless  powder. 
Conventional  bullets  were  unable  to  withstand  the  forces  generated  by  the  new 
propellant.  As  a  result,  it  was  not  possible  to  achieve  muzzle  velocities  of  more 
than  600  m/s,  even  with  hardened  lead  alloys.  The  acceleration  to  which  the  bullet 
was  subjected  was  such  that  it  was  pushed  straight  down  the  barrel  without  en¬ 
gaging  in  the  rifling.  If  the  precision  of  spin-stabilized  bullets  were  to  be  main¬ 
tained,  a  new  design  was  required  that  would  ensure  that  the  bullet  started  to  ro¬ 
tate  in  the  barrel,  even  when  subjected  to  high  levels  of  acceleration. 

The  solution  was  to  encase  the  bullet  in  a  tougher  material  that  could  both  re¬ 
sist  the  shear  forces  and  allow  the  bullet  to  slide  easily.  The  most  suitable  materi¬ 
als  were  copper  and  copper  alloys.  The  new  jacketed  bullet  did  not  deform  under 
pressure,  in  contrast  to  its  plain  lead  predecessor.  To  ensure  that  the  rifling  could 
impart  spin  to  the  bullet,  its  diameter  was  increased  by  comparison  with  that  of 
the  barrel.  This  is  why  bullets  almost  always  have  a  diameter  slightly  greater  than 
the  nominal  calibre,  which  corresponds  approximately  to  the  diameter  of  the  bore, 
measured  land  to  land.  These  jacketed  bullets  made  it  possible  to  increase  muzzle 
velocity  still  further. 

In  1895,  however,  the  British  Indian  Army  reported  that,  contrary  to  expecta¬ 
tions,  these  jacketed  bullets  were  virtually  incapable  of  stopping  enemy  soldiers, 
despite  their  relatively  high  muzzle  velocity.  A  munitions  factory  in  Dum  Dum, 
near  Calcutta,  was  commissioned  to  design  and  manufacture  more  effective  am¬ 
munition,  leading  to  the  development  of  the  dum-dum  bullet. 

7. 2. 2. 7  “Dum-dum  ”  bullets 

Rarely  can  a  bullet  have  attracted  so  much  attention  -  well  beyond  the  realms  of 
ballistics  specialists  -  as  the  dum-dum  bullet.  The  term  is  well  known  to  the  gen¬ 
eral  public.  This  being  the  case,  it  is  worth  looking  at  the  history  of  this  bullet  in 
more  detail.  Comprehensive  sources  on  the  subject  include  Spiers  (1975)  and 
Greenwood  (1980). 

In  1871,  the  British  Army  introduced  the  Martini-Henry  rifle.  This  was  initially  577  (14.7  mm) 
single-shot  weapon,  but  was  later  converted  to  577/450  ( 1 1 .4  mm).  The  high  recoil  produced  by 
this  cartridge  because  of  the  heavy  bullet  (31.1  g),  high  velocity  (410  m/s)  and  resulting  high  en¬ 
ergy  level  (2614  J),  together  with  the  introduction  of  smaller-calibre  magazine-fed  rifles  in  other 
countries  rendered  the  Martini-Henry  old-fashioned  and  it  was  replaced  by  the  303  Lee-Metford  in 
1888.  The  round-tipped  bullet  with  a  full  cupro-nickel  jacket  (the  Mark  I)  weighed  13.9  g  and  with 
a  black  powder  charge  had  an  initial  velocity  of  approximately  565  m/s,  delivering  2218  J.  Black 
powder  was  replaced  by  nitro  powder  in  1891.  The  bullet  and  cartridge  case  remained  unchanged. 
Muzzle  velocity  rose  to  about  600  m/s.  Woolwich  Arsenal  produced  the  Mark  II  bullet,  which  was 
used  with  an  improved  cartridge  case  by  comparison  with  the  Mark  I. 

In  1895,  the  British  Indian  Army  conducted  its  Chitral  campaign  (close  to  the  Af¬ 
ghan  border  in  what  is  now  northern  Pakistan)  using  the  Lee-Metford  rifle  and 
Mark  II  bullet.  This  bullet  proved  surprisingly  ineffective. 
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The  story  is  told,  for  instance,  of  the  enemy  who  sustained  six  hits,  walked  1 4  km  to  the  nearest 
dressing  station  and  was  soon  back  in  action.  Surgeons  described  the  wounds  as  being  small,  clean 
and  with  no  significant  inflammation.  The  entry  and  exit  wounds  were  of  similar  size,  and  the 
bullet  drilled  through  bones  rather  than  breaking  them.  The  military  view  was  that  these  bullets 
were  incapable  of  causing  shock  or  immediate  death. 

The  north-west  frontier  was  the  scene  of  frequent  rebellions.  The  British  forces 
(Indian  soldiers  with  British  officers)  were  heavily  outnumbered  and  the  enemy 
was  highly  motivated.  An  effective  bullet  was  therefore  a  matter  of  life  and  death. 

In  view  of  this  dangerous  situation,  the  Indian  arsenal  was  ordered  to  make  the 
Mark  II  bullet  more  effective.  A  suitable  bullet  was  developed  by  Captain  (later 
Lieutenant-Colonel)  Neville  Bertie-Clay  at  the  munitions  factory  near  Dum 
Dum,  a  small  town  a  few  kilometres  north-east  of  Calcutta.  The  only  modification 
was  that  1  mm  of  the  lead  core  was  exposed  at  the  tip  of  the  bullet.  This  was  the 
“dum-dum”  bullet,  and  was  only  used  in  India. 

To  understand  the  history  of  this  bullet,  one  needs  to  be  aware  that  the  armed  forces  of  the  British 
Empire  were  not  entirely  centralized.  The  Indian  Civil  Service  had  a  certain  degree  of  autonomy, 
while  the  Indian  Army  (as  it  was  known,  even  under  British  rule)  had  its  own  budget  and  its  own 
supply  chain.  Development  of  the  dum-dum  bullet  was  therefore  undertaken  by  the  Indian  Ord¬ 
nance  Department. 

The  new  bullet  first  saw  service  in  the  Tirah  campaign  of  1897  to  1898,  which 
took  place  west  of  Peshawar  in  what  is  now  Pakistan,  close  to  the  Afghan  border. 
The  effect  was  exactly  as  hoped  for. 

The  enemy  -  an  Afghan  tribe  known  as  the  Afridi  -  were  so  impressed  by  the  effects  of  this 
weapon  and  ammunition  that  they  were  prepared  to  pay  70  sixpences  for  a  rifle  and  1  sixpence  per 
dum-dum  cartridge  (£12  and  2.5  pence  respectively  in  modern  British  currency). 

Meanwhile,  efforts  were  also  underway  in  Britain  to  produce  a  more  effective 
bullet,  as  the  British  Army  itself  was  encountering  problems  with  the  Mark  II  full 
metal-jacketed  bullet.  As  a  result,  a  hollow-point  bullet  was  produced  at  Wool¬ 
wich  Arsenal.  The  first  version,  the  Mark  III,  was  introduced  in  1897,  but  was 
only  produced  in  small  numbers.  An  improved  version  (the  Mark  IV)  appeared  in 
October  1897.  Like  its  predecessor,  this  bullet  weighted  13.9  g  and  consisted  of  a 
solid  lead  core  with  a  cupro-nickel  jacket.  The  tip  had  a  cylindrical  hole  bored 
into  it,  approximately  9  mm  deep  and  2.5  mm  in  diameter.  Large  quantities  of  this 
ammunition  were  used,  in  a  number  of  different  theatres. 

The  first  major  use  of  this  ammunition  came  on  2  September  1898  near  Omdurman  in  Sudan, 
when  Lord  Kitchener's  British-Sudanese  army  fought  the  Mahdi's  dervish  army.  The  Egyptian  and 
Sudanese  soldiers  were  still  using  the  old  Martini-Henry  rifle.  Some  British  battalions  were  firing 
the  new  Mark  IV  bullet  from  their  Lee-Metfords,  while  the  remainder  used  the  Mark  II.  Here 
again,  the  Mark  IV  proved  substantially  more  effective. 

However,  the  new  bullet  had  a  serious  defect.  In  a  certain  number  of  cases,  the 
jacket  and  the  core  separated  in  the  barrel.  When  the  next  round  was  fired,  the 
remains  of  the  jacket  caused  damage  to  the  weapon  and  serious  injury  to  the  firer. 
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This  defect  was  remedied  by  using  antimony  lead  and  crimping  the  jacket  tighter 
at  the  tail  of  the  bullet.  This  Mark  V  bullet  also  had  a  slightly  differently-shaped 
tip  compared  to  its  predecessor.  The  many  millions  of  Mark  IV  bullets  already 
produced  were  exported  or  sold  for  hunting  and  target  shooting,  as  this  type  of 
user  had  time  to  check  that  the  barrel  was  clear  after  each  shot. 

The  British  and  Indian  Armies  were  satisfied  with  the  effects  of  the  dum-dum, 
the  Mark  IV  and  the  Mark  V,  as  observed  in  their  colonial  wars.  The  rest  of  the 
world  was  not  so  impressed. 

The  name  “dum-dum”  was  initially  used  only  for  the  bullets  actually  produced  at  the  munitions 
factory  in  Dum  Dum.  The  Mark  III,  IV  and  V  bullets  are  therefore  not  actually  “dum-dum”  bul¬ 
lets.  Only  later  did  the  name  come  to  be  used  for  any  bullet  with  the  same  characteristics,  at  least 
colloquially. 

The  accusation  was  levelled  at  this  type  of  bullet  that  it  was  inhumane.  The  Brit¬ 
ish  responded  by  pointing  to  the  provisions  of  the  1868  St  Petersburg  Declaration, 
which  they  had  signed,  under  which  projectiles  weighing  less  than  400  g  were 
only  prohibited  if  they  were  “either  explosive  or  charged  with  fulminating  or  in¬ 
flammable  substances.”  The  British  government  therefore  maintained  that  these 
bullets  were  in  conformity  with  both  the  letter  and  the  spirit  of  the  declaration, 
and  were  hence  legitimate. 

The  British  were  once  again  attacked  at  the  May  1899  Hague  Peace  Confer¬ 
ence,  primarily  on  the  basis  of  experiments  conducted  by  VON  Bruns  (1898a, b), 
who  was  the  chief  surgeon  of  the  army  of  Wiirttemberg. 

In  the  absence  of  original  dum-dum  ammunition,  VON  Bruns  used  Mauser  hunting  ammunition 
(8  mm,  known  as  S  calibre).  The  semi-jacketed  bullet  was  heavier  than  the  dum-dum,  5  mm  of 
lead  was  exposed  at  the  tip  and  the  initial  velocity  was  higher  (715  m/s).  Experiments  on  animal 
cadavers  led  VON  Bruns  to  conclude  that  a  limb  hit  by  a  dum-dum  bullet  (by  which  he  meant 
those  produced  by  the  Dum  Dum  factory  in  India)  would  have  to  be  amputated.  The  British  criti¬ 
cized  these  experiments  in  the  strongest  terms.  They  pointed  out  that  the  Mauser  bullet  had  a  much 
higher  velocity  (715  m/s  instead  of  600  m/s),  that  it  was  heavier  than  the  dum-dum  bullet  and  that 
5  mm  of  the  lead  core  was  exposed,  as  against  1  mm  in  the  case  of  the  dum-dum.  They  also  main¬ 
tained  that  their  combat  experience  with  the  dum-dum  round  contradicted  the  conclusions  of  VON 
BRUNS’  experiments.  And  in  any  case,  they  were  only  using  these  bullets  in  colonial  wars,  and 
then  only  because  one  could  not  defend  oneself  against  the  barbarians  otherwise. 

The  introduction  of  the  Mark  IV  hollow-tip  bullet  prompted  VON  Bruns  to  undertake  further 
experiments  (VON  Bruns  1899).  This  time,  he  compared  the  Mark  II  full  metal-jacketed  bullet  not 
with  the  Mauser  bullet  but  with  the  Mark  IV.  He  fired  these  bullets  into  wood,  clay  and  living 
horses.  Publication  of  these  results  led  von  Esmarch  (1899),  who  was  also  a  leading  surgeon,  to 
address  a  publication  to  the  Peace  Conference.  He  wrote: 

“The  employment  of  such  missiles  is,  perhaps,  excusable  in  a  war  with  fanatical  barbarians, 
who,  ignorant  of  the  rules  of  international  law,  give  and  take  no  quarter  [...]  but  it  would  be  a 
matter  for  the  deepest  regret  were  such  barbarous  engines  of  destruction  ever  to  come  into  use  in 
European  wars.” 

This  brought  about  a  reaction  from  the  French.  On  18  January  1899,  “La  Semaine  Medicale” 
published  an  article  in  which  the  author  condemned  both  the  British  point  of  view  and  that  of  VON 
Esmarch: 
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“Two  principles  of  humanity,  two  weights  and  two  measures,  one  for  the  civilized  peoples  and 
one  for  the  barbarians  (by  which  is  meant  any  other  race)  and  far-off  lands.” 

The  Hague  Conference  finally  produced  three  conventions,  together  with  three 
declarations  that  do  not  form  part  of  any  convention.  Convention  II  included  a 
clause  to  the  effect  that  bullets  which  cause  unnecessary  suffering  were  prohib¬ 
ited.  Declaration  III  was  aimed  specifically  at  the  British  ammunition,  and  pro¬ 
vided  that  ammunition  that  expanded  or  flattened  easily  was  not  to  be  used  (see 
7. 3. 2.4  for  precise  wording).  Despite  the  protests  of  the  other  European  nations, 
the  governments  of  the  United  Kingdom,  the  United  States  and  Portugal  all  re¬ 
fused  to  sign  this  part  of  Declaration  III. 

The  Boer  War  broke  out  on  11  October  1899.  Huge  quantities  of  Mark  IV  ammunition  were 
shipped  off  to  South  Africa,  followed  by  quantities  of  Mark  V.  However,  this  war  was  being 
fought  not  against  “barbarians”  but  against  “civilized”  troops.  In  view  of  the  Hague  Conference, 
which  was  still  under  way  at  the  time,  all  soft-tipped  ammunition  (i.e.  Mark  IV  and  V)  was  with¬ 
drawn  and  replaced  with  the  “ineffective”  Mark  II. 


7.2.3  The  development  of  firearms  in  the  19th  century 

7. 2.3.1  Muzzle  loaders  and  their  problems 

The  basic  principle  of  firearms  had  been  the  same  for  centuries:  Powder  was 
poured  into  a  tube  closed  off  at  one  end,  a  lead  ball  was  placed  on  top  and  the 
powder  was  ignited  via  a  flash  hole.  It  was  discovered  at  an  early  stage  (16th 
century)  that  accuracy  could  be  improved  significantly  if  the  ball  was  made  a  tight 
fit  in  the  barrel  and  spin  imparted  to  it  thereby.  Throughout  the  history  of  fire¬ 
arms,  there  had  been  rifles  -  so  called  on  account  of  their  rifled  barrels  -  and 
smooth-barrelled  weapons  -  shotguns  and  muskets. 

Both  had  their  advantages  and  disadvantages.  While  rifles  were  far  more  accu¬ 
rate  than  muskets,  with  four  or  five  times  less  scatter,  their  more  complex  loading 
process  gave  them  a  lower  rate  of  fire  -  muskets  could  be  fired  two  to  three  times 
faster. 

These  two  parameters  -  accuracy  and  rate  of  fire  -  determined  the  further  de¬ 
velopment  of  shoulder  weapons.  What  was  needed  was  a  rifle  with  a  high  rate  of 
fire. 

7. 2.3. 2  Breech-loaders 

The  need  to  load  the  weapon  via  the  muzzle  was  seen  as  the  main  factor  limiting 
the  rate  of  fire.  Accordingly,  numerous  attempts  were  made  to  load  the  weapon 
from  the  rear.  However,  designers  repeatedly  came  up  against  the  same  problem: 
that  of  effectively  obturating  the  joint  against  the  propellant  gases.  Part  of  the  gas 
escaped  via  the  joint  in  the  chamber.  This  both  caused  problems  for  the  user  and 
considerably  reduced  the  range  of  the  weapon,  as  less  gas  was  available  to  accel- 
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erate  the  projectile.  This  problem  proved  to  be  the  downfall  of  the  Crespi  breech¬ 
loading  flintlock  introduced  into  the  Austrian  army  in  1770.  In  1811,  an  American 
by  the  name  of  Hall  patented  a  similar  system.  Hall’s  weapons  were  manufac¬ 
tured  to  higher  standards;  the  components  were  produced  using  templates  and 
were  hence  interchangeable,  and  the  system  was  more  successful.  The  Hall  was 
the  first  functioning  military  breech-loader. 

However,  the  breech-loading  principle  only  took  off  in  1841  when  the  Dreyse 
needle  gun  was  produced,  with  its  percussion-ignition  cartridge.  The  effects  of  the 
increased  rate  of  fire  are  often  illustrated  by  reference  to  the  Battle  of  Koniggratz 
(1866),  when  Prussian  soldiers  with  needle  guns  fought  against  the  Austrians  with 
their  muzzle  loaders.  The  Prussians  suffered  9,150  dead  and  wounded,  the  Austri¬ 
ans  24,400. 

Towards  the  end  of  the  1860s,  France  introduced  the  Chassepot  rifle,  with  an 
improved  cartridge.  Its  smaller  calibre  and  improved  obturation  allowed  this 
weapon  to  achieve  higher  initial  velocities,  which  meant  better  ballistic  perform¬ 
ance.  The  rifle  suddenly  took  on  huge  military  significance  as  a  result  of  this  de¬ 
velopment,  and  considerable  effort  was  devoted  to  further  improvements. 

7. 2. 3. 3  Repeaters 

Like  a  number  of  other  developments,  the  next  step  in  the  process  of  increasing 
the  rate  of  fire  came  from  the  United  States.  During  the  Civil  War,  both  sides  had 
used  rifles  that  no  longer  required  each  round  to  be  loaded  separately;  the  car¬ 
tridges  were  chambered  from  a  magazine  by  means  of  a  simple  cocking  motion. 
The  cartridges  were  stored  in  a  tubular  magazine,  which  was  either  built  into  the 
butt,  as  in  the  case  of  the  Spencer  (1861)  or  fitted  under  the  barrel,  as  with  the 
Henry  (also  1861).  The  Henry  system  is  still  in  use,  and  is  found  on  the  famous 
Winchester  lever-action  rifles.  The  theoretical  rate  of  fire  rose  to  over  60  rounds 
per  minute.  European  gunmakers  began  producing  their  own  repeaters  as  soon  as 
news  of  these  weapons  reached  the  continent.  The  Swiss  Army  was  the  first  to  use 
a  repeating  rifle,  theirs  being  based  on  the  Henry- Winchester  system.  The  Vetterli 
rifle,  named  after  its  designer,  had  a  tubular  magazine  under  the  barrel  and  an  in¬ 
novative  mechanism  with  a  lug-locking  system. 

Another  American  -  Lee  -  invented  the  box  magazine,  which  was  easier  to 
charge  than  the  tubular  magazines  used  hitherto.  This  system  is  so  much  safer  and 
easier  to  use,  that  almost  all  repeaters  produced  since  then  (with  the  exception  of 
Winchesters)  use  box  magazines 

7. 2.3. 4  Handguns 

Until  the  start  of  the  19th  century,  handguns  developed  along  virtually  the  same 
path  as  that  of  shoulder  weapons.  Like  rifles  and  muskets,  handguns  were  muzzle- 
loaders,  with  smooth  or  rifled  bores.  Initially,  they  were  fired  by  wheel-locks  or 
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flintlocks,  with  percussion  ignition  being  introduced  later  on.  As  a  single-shot 
weapon  is  of  limited  use  in  an  emergency,  a  number  of  designs  were  developed 
whereby  multiple  barrels  could  be  fired,  simultaneously  or  singly.  These  weapons 
never  saw  widespread  use,  however. 

The  handgun  took  a  significant  step  forward  in  1836  when  Samuel  COLT  in¬ 
vented  the  revolver.  The  idea  of  arranging  a  number  of  chambers  in  a  rotating 
cylinder  behind  the  barrel  had  already  been  mooted  in  connection  with  multiple- 
fire  weapons.  The  innovation  in  Colt’s  design  was  that  it  linked  together  the 
movement  of  the  hammer  and  that  of  the  cylinder,  in  a  principle  known  as  “single 
action."  Considerable  effort  was  immediately  devoted  to  producing  a  “double  ac¬ 
tion"  revolver,  in  which  the  trigger  operated  both  the  hammer  and  the  cylinder. 

The  breech-loading  revolver  appeared  immediately  after  the  invention  of  the 
metal  cartridge,  and  the  basic  principle  of  the  revolver  remains  the  same  today. 
Revolvers  do  have  one  major  disadvantage:  The  gap  between  the  cylinder  and  the 
barrel  allows  part  of  the  gas  to  escape  at  the  sides,  reducing  the  efficiency  of  the 
weapon.  This  has  to  be  compensated  for  by  a  larger  powder  load.  A  number  of 
gas-tight  revolvers  were  produced,  in  which  barrel  and  cylinder  were  only  sepa¬ 
rated  when  the  cylinder  rotated  and  the  cartridge  case  was  used  to  seal  off  the  gap 
between  the  two. 

The  only  successful  revolver  of  this  type  was  the  Belgian  Nagant,  which  was 
used  by  the  Russian  army.  Despite  the  problem  outlined  above,  the  revolver  be¬ 
came  the  most  widely-used  type  of  handgun  in  the  second  half  of  the  1 9th  cen¬ 
tury.  A  number  of  repeating  pistols  were  produced,  along  the  same  principles  as 
repeating  rifles,  but  they  were  considerably  less  reliable  than  revolvers.  The  first 
self-loading  pistols  with  rates  of  fire  similar  to  those  of  revolvers  appeared  at  the 
end  of  the  19th  and  the  beginning  of  the  20th  century.  However,  it  was  to  be  dec¬ 
ades  before  pistols  were  seen  as  reliable. 

7.2.4  The  20th  century 
7. 2.4.1  Ammunition 

There  have  been  no  innovations  in  handgun  and  rifle  ammunition  with  significant 
effects  on  ballistics  since  the  beginning  of  the  20th  century.  Calibre,  bullet  mass 
and  muzzle  velocity  have  varied  at  times,  but  have  remained  within  the  regular 
physical  laws  of  ballistics.  The  history  of  Swiss  army  weapons  illustrates  this 
quite  clearly. 

The  7.5  mm  1890  cartridge  with  a  bullet  mass  of  13.8  g  formed  the  basis  for 
the  GP  11.  This  cartridge  was  of  the  same  calibre,  but  used  a  full  metal-jacketed 
bullet  weighing  11.3  g,  i.e.  2.5  g  less.  This  reduced  the  sectional  density  from 
0.312  g/mm2  to  0.256  g/mnr.  Further  technical  enhancements  (regarding  the 
guiding  of  the  bullet  and  the  gas  seal)  made  it  possible  to  increase  muzzle  velocity 
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q  [g/mm2]  d  [mm]  Nitrocellulose  powder  v0  [m/s] 


Fig.  7-2.  Changes  in  calibre  (d),  sectional  density  (q)  and  muzzle  velocity  (v0)  since  the 
beginning  of  the  19th  century.  There  were  only  two  departures  from  the  general  rule,  whereby 
reduced  calibre  =  reduced  sectional  density  and  reduced  sectional  density  =  increased  muzzle 
velocity:  introduction  of  the  elongated  bullet  and  of  smokeless  powder. 

from  approximately  590  m/s  to  805  m/s  in  the  case  of  the  Modell  11.  Later  rifles 
were  given  progressively  shorter  barrels,  which  led  to  lower  muzzle  velocities 
(785  m/s  for  the  Karabiner  31  and  750  m/s  for  the  Sturmgewehr  57).  The  only 
way  to  achieve  an  even  flatter  trajectory  was  to  increase  the  initial  velocity.  This 
meant  reducing  the  sectional  density  and  hence  the  calibre.  The  Sturmgewehr  90 
achieves  an  initial  velocity  of  905  m/s  with  the  Swiss  army  Gewehrpatrone  90 
cartridge. 

Fig.  7-2  shows  the  history  of  Swiss  army  muskets/rifles  and  ammunition  since 
the  beginning  of  the  19th  century.  The  effects  of  the  two  most  significant  inven¬ 
tions  in  the  field  of  ammunition  -  elongated  bullets  and  nitro  powder  -  are  very 
apparent.  One  cannot  expect  that  sectional  density  will  increase  as  calibre  de¬ 
creases  (as  was  the  case  when  elongated  bullets  were  introduced)  and  that  muzzle 
velocity  will  increase  as  sectional  density  increases  (as  occurred  when  black  pow¬ 
der  was  replaced  by  nitro. 

These  two  inventions  brought  about  a  fundamental  change  in  the  physics  and 
ballistics  of  firearms. 

Developments  in  other  countries  were  completely  analogous.  Germany  went 
from  an  7.9  mm  bullet  to  the  7.62  NATO  round,  while  France  started  with  the 
8  mm  Lebel  and  ended  with  the  5.56  x  45  (223  Rem.).  NATO  also  switched  from 
the  7.62  x  51  to  the  5.56  x  45.  The  former  Warsaw  Pact  countries  followed  the 
same  trend,  changing  over  from  the  7.62  x  39  (Kalashnikov)  to  the  5.45  x  39 
(Kalashnikov). 
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The  latest  developments  in  ammunition,  such  as  caseless  systems,  remain  sub¬ 
ject  to  the  physical  framework  that  emerged  at  the  end  of  the  19th  century. 
Changes  that  bring  advantages  in  one  respect  always  involve  disadvantages  in 
some  other  respect. 

7. 2. 4. 2  Weapons 

Unlike  ammunition,  weapons  underwent  a  number  of  fundamental  changes  in  the 
course  of  the  20th  century.  As  it  was  virtually  impossible  to  reduce  spread,  devel¬ 
opment  efforts  focused  on  increasing  rate  of  fire  and  reducing  the  weight  of  the 
weapon.  One  obvious  idea  was  to  fully  automate  the  loading  process. 

The  first  self-loading  principles  were  developed  at  the  end  of  the  1 9th  century, 
with  two  principles  coming  into  widespread  use.  In  the  case  of  a  blowback  oper¬ 
ated  weapon,  part  of  the  propellant  gas  is  allowed  to  push  the  cartridge  back 
against  the  moving  parts,  forcing  them  to  the  rear,  ejecting  the  empty  case  and 
chambering  the  next  round.  On  a  gas  operated  weapon,  some  of  the  combustion 
gas  is  diverted  onto  the  head  of  a  piston  via  an  aperture,  the  gas  port.  The  piston 
operates  a  mechanism  that  unlocks  the  breech  block  and  forces  it  back.  Reliable 
weapons  of  both  types  were  developed.  Initially,  weapons  based  on  these  systems 
were  heavy,  and  hence  were  only  suitable  for  use  as  support  weapons.  The  Maxim 
was  the  first  usable  machine  gun  and  operated  on  the  blowback  principle.  Fol¬ 
lowing  its  invention  in  1883,  this  weapon  remained  in  service  with  many  armies 
until  after  the  First  World  War.  Its  nominal  rate  of  fire  was  600  rounds  per  min¬ 
ute,  and  the  barrel  was  water  cooled.  This  was  followed  by  the  Hotchkiss  machine 
gun,  a  gas  operated  weapon.  It  had  an  air-cooled  barrel,  which  had  to  be  changed 
every  500  to  600  rounds  to  prevent  overheating. 

In  1898,  the  German  company  Mauser  patented  a  light  self-loading  rifle,  and  in 
1907  Winchester  brought  out  a  self-loading  carbine.  It  was  to  take  several  dec¬ 
ades,  however,  before  self-loading  rifles  became  standard  issue.  Throughout  the 
two  World  Wars,  such  weapons  were  issued  only  to  special  forces.  Self-loading 
rifles  did  not  enter  widespread  use  until  after  the  Second  World  War.  There  was 
nothing  to  be  gained  by  raising  rates  of  fire  still  further.  On  the  contrary,  the  cur¬ 
rent  trend  is  to  limit  burst  length  in  order  to  conserve  ammunition.  Most  new  as¬ 
sault  rifles  have  a  setting  that  allows  the  user  to  fire  three-round  bursts.  Current 
development  efforts  focus  primarily  on  reduced  weight  and  increased  reliability. 

The  first  self-loading  (“semi-automatic”)  pistols  also  appeared  at  the  end  of  the 
19th  century  (the  first  being  the  Bergmann  in  1896),  all  of  them  using  the  blow¬ 
back  principle.  Their  greater  complexity  meant  that  for  many  years  pistols  were 
heavier  and  less  reliable  than  revolvers.  The  German  Luger  Parabellum  was  a 
milestone  in  the  history  of  the  pistol.  Luger  9  mm  ammunition  (9><19  mm)  was 
developed  in  parallel  with  this  pistol  and  is  still  probably  the  most  widely-used 
pistol  and  submachine  gun  cartridge  in  the  world. 
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Pistols  became  steadily  more  reliable  during  the  course  of  the  20th  century.  In¬ 
corporating  the  double-action  principle  meant  that  the  user  could  fire  the  first  shot 
from  a  pistol  as  quickly  as  from  a  revolver  and  increased  magazine  capacity 
brought  further  advantages.  As  a  result,  the  double-action  pistol  is  currently  the 
most  popular  type  of  handgun. 


7.3  International  treaties 

7.3.1  Basic  principles 

Two  principles  that  began  to  emerge  in  the  18th  century  recur  in  all  subsequent 
agreements  regarding  inter-State  conflict.  Both  are  derived  from  the  “natural  law.” 
The  first  principle  is  that  of  proportionality  of  the  means.  According  to  this  prin¬ 
ciple,  no  warring  party  has  unlimited  freedom  in  the  choice  of  the  means  used  to 
damage  the  adversary. 

One  example  of  the  general  acceptance  and  application  of  this  rule  at  that  time 
is  the  use  of  pairs  of  identical  duelling  pistols. 

The  second  principle  is  that  of  proportionality  in  the  effect  applied  to  the  ad¬ 
versary.  This  principle  requires  that  unnecessary  suffering  be  avoided.  Clearly, 
“proportionality”  depends  on  one’s  understanding  of  ethics  and  morality,  and  is 
hence  open  to  divergences  of  interpretation.  One  of  the  main  aims  of  wound  bal¬ 
listics  research  is  therefore  to  identify  physically  measurable  parameters  defining 
the  effect  of  a  weapon,  in  order  to  be  able  to  incorporate  significantly  more  pre¬ 
cise  wording  into  future  conventions. 

In  the  next  sub-section,  we  shall  discuss  some  of  the  most  important  instru¬ 
ments,  together  with  those  passages  from  those  instruments  that  are  of  fundamen¬ 
tal  importance  or  contain  clauses  regarding  the  effects  of  ammunition. 

7.3.2  The  instruments 

7. 3.2.1  The  original  Geneva  Convention  (1864) 

After  the  June  1859  Battle  of  Solferino  (during  the  war  between  Sardinia  and 
France  on  the  one  side  and  Austria  on  the  other)  over  40,000  wounded  soldiers 
were  left  behind  on  the  battlefield.  Henri  Dunant  from  Geneva  arrived  on  the 
scene  just  after  the  battle.  After  helping  to  organize  spontaneous  assistance  for  the 
wounded,  Dunant  formulated  proposals  the  creation  of  societies  for  the  protec¬ 
tion  of  wounded  soldiers.  A  five-member  committee  of  the  Public  Welfare  Com¬ 
mittee  of  Geneva  was  set  up,  which  eventually  became  the  International  Commit¬ 
tee  of  the  Red  Cross. 
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At  Dunant’s  instigation,  an  international  conference  was  held  in  Geneva  in 
1863.  That  conference  called  for  humanity  towards  the  wounded,  even  in  time  of 
war,  and  for  the  convening  of  a  general  conference  of  States.  In  1864,  the  Swiss 
government  invited  States  to  participate  in  a  diplomatic  congress  in  Geneva, 
which  resulted  in  the  Convention  for  the  Amelioration  of  the  Condition  of  the 
Wounded  and  Sick  in  Armies  in  the  Field.  This  first  convention  consisted  of  just 
ten  articles,  setting  out  certain  basic  humanitarian  norms.  These  were  expressed  in 
such  general  terms  that  they  were  able  to  form  the  basis  for  all  subsequent  treaties. 

7. 3. 2. 2  The  St  Petersburg  Declaration  (1868) 

In  the  years  following  1850,  many  States  developed  rifle  ammunition  designed  to 
have  a  significantly  enhanced  effect  on  protected  targets.  This  mainly  involved  the 
production  of  explosive  and  incendiary  bullets,  in  which  the  projectile  was  hol¬ 
lowed  out,  filled  with  gunpowder  or  an  incendiary  compound,  and  fitted  with  an 
ignition  device.  Clearly,  it  was  difficult  to  ensure  that  such  projectiles  only  hit  war 
material.  The  injuries  these  bullets  caused  to  enemy  soldiers  were  totally  at  odds 
with  the  principles  mentioned  above.  It  is  therefore  not  surprising  that  demands 
for  such  bullets  to  be  prohibited  were  made  very  soon  after  they  were  introduced, 
and  that  these  demands  were  successful.  The  initiative  to  impose  restrictions  on 
weapons  emanated  from  the  Russian  Empire,  which  convened  a  conference  of 
European  States  in  St  Petersburg,  in  1868.  The  St  Petersburg  Declaration  signed  at 
this  conference  on  11  December  1868  regulated  the  principles  of  proportionality. 
One  of  its  provisions  stipulated  that  "the  employment  of  arms  which  uselessly 
aggravate  the  sufferings  of  disabled  men,  or  render  their  death  inevitable”  would 
exceed  the  object  of  war.  The  Contracting  Parties  also  undertook  not  to  use  "any 
projectile  of  a  weight  below  400  grammes,  which  is  either  explosive  or  charged 
with  fulminating  or  inflammable  substances.” 

7. 3.2.3  The  Brussels  Conference  (1874) 

Another  conference  took  place  at  the  instigation  of  the  Russian  government  six 
years  later  in  Brussels.  The  conference  protocol  was  signed  in  August  1874.  A 
draft  convention  was  attached.  While  this  convention  was  never  ratified,  it  was  of 
significance,  as  it  formed  the  basis  for  later  instruments.  It  is  interesting  to  note 
that  the  two  basic  principles  had  now  been  stated  explicitly.  Article  12  reads  as 
follows: 

"The  laws  of  war  do  not  recognize  in  belligerents  an  unlimited  power  in  the 
adoption  of  means  of  injuring  the  enemy.” 

In  the  French  original:  “Les  lois  de  la  guerre  ne  reconnaissent  pas  aux 
belligerants  un  pouvoir  illimite  quant  aux  choix  des  moyens  de  nuire  ct 
I'ennemi.  ” 
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Prohibitions  set  out  in  Article  13  included: 

“The  employment  of  arms,  projectiles  or  material  calculated  to  cause  unne¬ 
cessary  suffering  ...” 

French  original:  D'apres  ce principe  sont  notamment  interdits: 

e:  “L'emploi  d'armes,  de  projectiles  on  de  matieres  propres  a  causer  des 
maux  superflus,  ainsi  que  I'usage  des  projectiles  prohibes  par  la  Declara¬ 
tion  de  Saint-Petersbourg  de  1868.  ” 

This  was  thus  an  explicit  reference  to  the  projectiles  mentioned  in  the  St  Peters¬ 
burg  Declaration.  The  conference  also  decided  to  prohibit  the  use  of  poison  or 
poisoned  weapons. 

7. 3.2.4  The  Hague  Convention  (1899) 

Russia  once  again  called  a  peace  conference,  this  time  in  1898.  One  of  the  main 
topics  of  this  conference,  which  took  place  in  The  Hague  in  1899,  was  that  of 
arms  limitations.  The  conference  discussed  proposals  not  to  develop  the  then  ex¬ 
isting  artillery  and  rifles,  or  at  least  to  suspend  further  development  for  five  years. 
Differences  in  quality  between  small  arms  would  then  be  ascertained  by  specify¬ 
ing  a  type  of  rifle  in  terms  of  the  mass  of  the  weapon,  its  calibre,  the  mass  of  the 
bullet,  the  muzzle  velocity  and  the  rate  of  fire.  These  proposals  were  not  adopted, 
but  because  the  Brussels  Convention  had  not  been  ratified,  the  topic  of  limiting 
the  effect  of  weapons  was  once  more  placed  on  the  agenda  for  the  conference. 
Article  12  of  the  Brussels  Declaration  formed  Article  22  of  the  new  convention, 
almost  word-for-word.  The  article  concerning  restrictions  on  certain  weapons  was 
a  point  of  discussion,  however.  The  dum-dum  bullet  had  been  developed  in  the 
meantime,  and  there  were  differences  of  opinion  as  to  whether  its  effects  came 
constituted  the  explosive  force  mentioned  in  the  St  Petersburg  declaration.  The 
section  on  small  arms  and  their  ammunition  was  eventually  amended  to  read: 

“The  Contracting  Parties  agree  to  abstain  from  the  use  of  bullets  which  ex¬ 
pand  or  flatten  easily  in  the  human  body,  such  as  bullets  with  a  hard  enve¬ 
lope  which  does  not  entirely  cover  the  core  or  is  pierced  with  incisions.” 
French  original:  “Les  Puissances  contractantes  s'interdisent  l'emploi  de 
balles  qui  s'epanouissent  ou  s'aplatissent  facilement  dans  le  corps  humain, 
telles  que  les  balles  a  enveloppes  dures  dont  1'enveloppe  ne  couvrirait  pas 
entierement  le  noyau  ou  serait pourvue  d'incisions.  ” 

This  was  a  direct  reference  to  the  dum-dum  bullet. 
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7. 3.2.5  The  Regulations  concerning  the  Laws  and  Customs  of  War  on 
Land  (The  Hague,  1907) 

After  an  extended  period  of  preparation,  the  second  Hague  Peace  Conference  took 
place  from  15  June  to  18  October  1907.  Eight  years  previously,  only  26  States  had 
taken  part,  whereas  now  44  States  signed  the  instruments  that  were  drawn  up.  The 
“Convention  respecting  the  Laws  and  Customs  of  War  on  Land’’  consists  of  a 
convention  and  an  annex,  the  “Regulations  concerning  the  Laws  and  Customs  of 
War  on  Land.’’  The  content  of  the  regulations  is  based  largely  on  the  1899  con¬ 
vention.  Article  22,  for  instance,  specifies  that: 

“The  right  of  belligerents  to  adopt  means  of  injuring  the  enemy  is  not  unlim¬ 
ited.” 

French  original:  “Les  belligercmts  n'ont pas  un  droit  illimite  quant  an  choix 
des  moyens  de  nuire  a  Vennemi.  ” 

This  is  almost  exactly  the  wording  used  in  Brussels  in  1874.  The  article  limiting 
the  use  of  weapons  was  amended,  however,  reverting  to  the  1874  wording  but 
without  mentioning  the  projectiles  prohibited  in  St  Petersburg  in  1868.  Article  23 
(based  on  Article  13  from  1874)  now  read: 

“In  addition  to  the  prohibitions  provided  by  special  Conventions,  it  is  espe¬ 
cially  forbidden 


e:  To  employ  arms,  projectiles,  or  material  calculated  to  cause  unnecessary 
suffering;” 

French  original:  “Outre  les  prohibitions  etablies  par  des  conventions  spe¬ 
cials,  il  est  notamment  interdit: 


e:  d'employer  des  armes,  des  projectiles  ou  des  matieres  propres  a  causer 
des  maux  superflus .” 

This  meant  that  neither  dum-dum  nor  exploding  bullets  were  expressly  forbidden. 
Proportionality  of  effect  was  therefore  only  described  very  vaguely. 

7. 3.2.5  The  Geneva  Conventions  of  1949 

At  the  invitation  of  the  Swiss  Federal  Council,  a  diplomatic  conference  was  held 
in  1949,  bringing  together  59  States  for  the  purpose  of  revising  the  existing 
international  treaties. 

In  the  articles  common  to  all  four  conventions,  it  is  specified  that  they  apply  to 
all  cases  of  armed  conflict  between  two  or  more  of  the  contracting  States.  In  the 
case  of  civil  war  or  internal  disturbance,  the  main  principles  of  humanity  were  to 
apply  as  a  minimum. 
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The  four  conventions  are  as  follows: 

Convention  (I)  for  the  Amelioration  of  the  Condition  of  the  Wounded  and 
Sick  in  Armed  Forces  in  the  Field. 

Convention  (II)  for  the  Amelioration  of  the  Condition  of  Wounded,  Sick 
and  Shipwrecked  Members  of  Armed  Forces  at  Sea. 

Convention  (III)  relative  to  the  Treatment  of  Prisoners  of  War. 

Convention  (IV)  relative  to  the  Protection  of  Civilian  Persons  in  Time  of 
War. 

7. 3.2.7  The  1977 protocols  additional  to  the  Geneva  Conventions 

Between  1974  and  1977,  the  “Diplomatic  Conference  on  the  Reaffirmation  and 
Development  of  International  Humanitarian  Law  applicable  in  Armed  Conflicts” 
drew  up  two  protocols  additional  to  the  Geneva  Conventions  of  1949.  Protocol  I 
covers  the  protection  of  victims  of  international  armed  conflicts,  while  Protocol  II 
addresses  the  protection  of  victims  of  non-international  armed  conflicts. 

Protocol  I,  Part  III,  Section  I  (“Methods  and  Means  of  Warfare”)  repeats  the 
principles  of  the  1907  “Convention  Respecting  the  Laws  and  Customs  of  War  on 
Land.” 

Article  35  reads: 

“Basic  rules 

1.  In  any  armed  conflict,  the  right  of  the  Parties  to  the  conflict  to  choose 
methods  or  means  of  warfare  is  not  unlimited. 

2.  It  is  prohibited  to  employ  weapons,  projectiles  and  material  and  methods  of 
warfare  of  a  nature  to  cause  superfluous  injury  or  unnecessary  suffering. 

3.  It  is  prohibited  to  employ  methods  or  means  of  warfare  which  are  intended, 
or  may  be  expected,  to  cause  widespread,  long-term  and  severe  damage  to 
the  natural  environment.” 

Article  36,  entitled  “New  weapons.”  sets  out  the  following  obligation: 

“In  the  study,  development,  acquisition  or  adoption  of  a  new  weapon,  means 
or  method  of  warfare,  a  High  Contracting  Party  is  under  an  obligation  to 
determine  whether  its  employment  would,  in  some  or  all  circumstances,  be 
prohibited  by  this  Protocol  or  by  any  other  rule  of  international  law  applica¬ 
ble  to  the  High  Contracting  Party.” 

In  other  words,  Parties  must  verify  that  any  new  weapon  is  in  conformity  with  the 
conventions. 
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7. 3.2.8  The  United  Nations  Conference  (Geneva,  1980) 

During  the  1960s,  the  223  Rem.  (5.56  x  45)  cartridge  was  in  widespread  use,  es¬ 
pecially  in  conjunction  with  the  American  M  16  assault  rifle.  As  far  as  its  design 
was  concerned,  the  bullet  used  appeared  to  comply  with  the  conventions  in  force. 
However,  it  displayed  a  tendency  to  fragment  in  soft  tissue.  This  once  again  raised 
the  question  of  proportionality  with  regard  to  the  effects  of  small  arms.  Many 
thought  (wrongly)  that  this  ammunition  was  having  a  greater  effect  than  one 
would  expect  from  a  5.56  round  because  of  its  high  muzzle  velocity,  or  even  be¬ 
cause  of  the  calibre  itself.  In  the  run-up  to  the  UN  conference,  there  were  propos¬ 
als  to  limit  the  muzzle  velocity  of  small  arms  to  800  m/s.  There  were  even  de¬ 
mands  to  prohibit  5.56  mm  rounds.  However,  a  large  number  of  experiments  were 
conducted  in  the  1970s,  in  many  countries  which  resulted  to  a  relatively  clear 
qualitative  picture  of  the  behaviour  of  a  bullet  in  a  living  being.  On  the  basis  of 
this  knowledge,  a  number  of  countries  submitted  proposals  to  the  1980  UN  con¬ 
ference  regarding  the  projectiles  used  with  small  arms: 

-  limits  on  the  energy  transferred  to  a  soft  target; 

-  no  fragmentation  of  the  bullet  in  the  target; 

-  verification  of  these  characteristics  using  a  simulant  (glycerine  soap); 

-  prohibition  of  exploding  bullets. 

The  tests  were  to  have  been  conducted  using  a  soap  block  14  cm  thick,  at  a  range 
of  100  m.  The  conference  did  not  accept  these  proposals,  and  did  not  adopt  a 
protocol  regarding  small  arms.  However,  the  convention  that  was  adopted  leaves 
open  the  possibility  of  producing  additional  protocols  to  prohibit  or  restrict  certain 
weapons  at  any  time  in  the  future.  When  the  convention  was  drawn  up,  provision 
was  made  for  its  being  revised  at  a  future  date,  to  ensure  that  the  law  of  war  could 
keep  up  with  developments  in  weapons  technology.  The  conference  did  result  in 
one  protocol  of  direct  relevance  to  wound  ballistics.  This  was  the  Protocol  on 
Non-Detectable  Fragments,  i.e.  munitions  deliberately  designed  in  such  a  way  that 
the  fragments  they  produce  cannot  be  detected  in  the  human  body.  One  result  of 
this  protocol  is  that  plastic  bullets  have  to  incorporate  supplementary  materials  to 
render  them  radio-opaque. 

7. 3.2.9  The  relevance  of  international  instruments  to  wound  ballistics 

The  wound  ballistics  implications  of  those  international  instruments  with  a  direct 
bearing  on  bullets  can  be  summarized  as  follows:  Both  the  1868  St  Petersburg 
Declaration  and  the  1899  Hague  Convention  prohibit  projectiles  which  exhibit  a 
high  degree  of  effectiveness  immediately  after  striking  the  body  (see  Fig.  7-3).  If 
such  a  bullet  hits  a  limb,  it  is  probable  that  the  limb  will  have  to  be  amputated, 
and  this  can  certainly  be  classified  as  “unnecessary  suffering.” 
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Fig.  7-3.  Bullet  tracks  in  ballistic  soap: 

a.  Legal  full  metal-jacketed  bullet. 

b.  Semi-jacketed  bullet,  illegal  under  The  Hague 
Convention  of  1899. 

c.  Explosive  bullet,  illegal  under  the  St  Petersburg 
Declaration  of  1868. 

The  dotted  line  indicates  the  approximate  mean 
diameter  of  one  extremity. 


According  to  the  comprehensive  statistics  that  have  been  collected  regarding 
wounds  sustained  in  conflict,  over  half  of  all  bullet  and  fragment  wounds  affect 
the  limbs. 


7.3.3  A  basis  for  formulating  future  instruments  of  international 
humanitarian  law 

7. 3.3.1  The  disadvantages  of  the  wording  of  existing  conventions 

In  addition  to  a  comprehensive  description  of  the  principles  of  wound  ballistics, 
this  book  contains  (in  7.3.2)  an  account  of  the  multiple  attempts  that  States  have 
undertaken  to  include  humanitarian  considerations  in  the  waging  of  war.  These 
efforts  have  resulted  in  a  number  of  instruments.  However,  the  statements  and 
definitions  in  those  instruments  are  often  difficult  to  verify,  and  do  not  reflect  re¬ 
cent  developments  in  munitions. 

One  disadvantage  of  the  current  conventions  is  that  they  refer  to  types  of  bullet 
that  were  in  use  when  they  were  formulated.  By  definition,  such  formulations 
cannot  cover  future,  unknown  developments. 

For  instance,  at  the  beginning  of  the  1970s  the  bullet  designated  5.56  x  45  or  223  Rem.  (or  M193) 
was  accused  with  no  scientific  justification  of  violating  the  applicable  conventions,  despite  being 
full  metal-jacketed. 

It  would  therefore  be  appropriate  to  formulate  humanitarian  aspects  of  any  future 
convention  using  a  parameter  that  is  as  general,  design-independent,  and  measur¬ 
able  as  possible. 

The  second  disadvantage  of  existing  conventions  is  the  term  -  first  used  in  the 
annex  to  the  1974  Brussels  protocol  -  of  “superfluous  injuries.”  A  verbal  criterion 
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such  as  this  does  not  lend  itself  to  objective  assessment,  and  will  always  be  a 
source  of  fruitless  discussion,  if  it  cannot  be  associated  with  some  measurable 
parameter. 

7. 3.3. 2  Projectile-independent  assessment  processes 

We  saw  in  4.1.1  that  if  we  leave  aside  the  mental  state  of  the  victim,  the  direct 
effect  of  a  bullet  depends  on  certain  physical  characteristics  of  the  bullet,  on  the 
point  of  impact,  on  the  path  of  the  wound  channel  in  the  body  and  on  the  physical 
condition  of  the  victim.  Of  these  factors,  only  the  physical  characteristics  can  be 
influenced  by  design  and  measured.  The  following  parameters  could  be  used  to 
set  limits  on  the  effect  of  a  bullet: 

1 .  The  energy  of  the  bullet  on  impact. 

2.  The  total  energy  transferred  Eab  over  a  specified  distance  s. 

3.  Maximum  potential  effect  E'ab. 

4.  Maximum  total  potential  effect  (E'ab  as  a  function  of  distance  travelled). 

1.  The  impact  energy  only  tells  us  about  maximum  possible  energy  transfer,  but 
not  about  the  effectiveness  of  the  bullet  or  its  behaviour  in  the  body.  It  therefore 
cannot  be  used  for  this  purpose. 

2.  The  option  of  limiting  energy  transfer  was  suggested  by  a  number  of  coun¬ 
tries  (including  Sweden)  at  the  1980  UN  conference  in  Geneva.  See  7. 3. 2. 8.  This 
would  require  specifying  the  total  energy  transferred  and  the  distance  “s”  over 
which  the  transfer  occurred.  From  a  medical  point  of  view,  this  definition  would 
not  be  appropriate.  We  saw  in  Chapter  3  that  the  potential  effect  of  a  bullet  E'ab  at 
a  given  point  s  along  its  track  is  of  considerable  significance  in  determining  the 
severity  of  the  injury  at  that  point.  Limiting  the  severity  of  injuries  therefore 
means  limiting  the  maximum  value  of  E'ab  over  the  total  track  of  the  bullet. 

If  one  considers  two  different  bullets,  with  the  same  value  of  Eab  over  the  same  distance,  and  if  one 
bullet  transfers  its  energy  evenly  over  the  entire  distance  while  the  other  concentrates  energy  trans¬ 
fer  at  one  point  (as  does  a  semi-jacketed  bullet,  for  instance),  the  latter  bullet  will  be  more  prob¬ 
lematic  from  a  medical  point  of  view. 

3.  Specifying  a  maximum  value  for  E'ab  avoids  disproportionately  severe  local 
injuries  and  hence  takes  account  of  the  arguments  set  out  under  2.  above.  How¬ 
ever,  the  maximum  value  of  E'ab  can  occur  at  very  different  points  along  the 
wound  channel,  depending  on  the  design  of  the  bullet  and  on  how  stable  it  is.  In 
particular,  certain  bullets  would  only  attain  this  maximum  value  after  creating  a 
long  wound  channel,  which  only  rarely  occurs  in  the  human  body.  Bullets  with 
such  characteristics  would  then  be  unfairly  excluded,  despite  having  an  acceptable 
E'ab  over  normal  channel  lengths. 

4.  Limiting  the  potential  effect  (i.e.  limiting  the  effectiveness  function  E'ab  as  a 
function  of  distance  s)  would  avoid  the  possibility  of  excluding  bullets  that  only 
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transfer  a  small  percentage  of  their  energy  over  normal  wound  channel  lengths. 
Furthermore,  using  this  “profile”  makes  it  possible  to  measure  and  assess  the 
overall  behaviour  of  a  bullet. 

Given  the  range  of  possible  effects  that  a  bullet  may  have  under  different  im¬ 
pact  conditions  and  anatomical  conditions  in  the  wound  channel,  any  discussion 
regarding  limits  on  potential  effect  is  pointless.  It  is  therefore  only  sensible  to 
compare  the  effectiveness  functions  of  bullets  with  one  another,  i.e.  to  conduct 
relative  measurements.  Measurements  will  only  be  reproducible,  however,  if  ho¬ 
mogenous  target  materials  are  used.  As  we  explained  at  some  length  in  3.3,  the 
materials  that  could  be  used  are  gelatine  and  ballistic  soap,  with  the  latter  being 
particularly  well-suited  because  the  effectiveness  function  E'ab(s)  is  directly  visi¬ 
ble.  A  further  advantage  of  this  medium  is  that  the  function  E'ab(s)  can  be  meas¬ 
ured  quantitatively,  on  account  of  the  relationship  that  exists  between  channel 
volume  and  energy.  Furthermore,  comparison  with  war  surgery  cases  shows  that 
the  effectiveness  function  gives  a  very  faithful  picture  of  the  true  nature  of  the 
injury  (COUPLAND  et  al.  2000).  This  therefore  constitutes  a  simple  means  of  veri¬ 
fying  the  criteria  specified. 

7. 3.3. 3  Formulation  of  standards 

The  only  remaining  question  is  the  choice  of  values  to  use  in  drawing  up  a  curve 
of  maximum  permissible  effectiveness.  One  could,  for  instance,  look  for  a  bullet 
known  to  be  relatively  benign  in  practice. 

This  would  raise  the  question  as  to  which  bullet  should  be  labelled  “benign,”  as 
every  State  may  be  of  the  opinion  that  they  have  the  “right”  bullet.  Flowever,  it 
would  also  be  possible  to  summarize  the  results  for  a  number  of  bullets  with 
similar  effectiveness  functions  and  produce  a  mean,  or  envelope  profile. 

The  proposals  submitted  to  the  1980  UN  conference  (see  7. 3.2. 8)  included  the  suggestion  that  the 
7.62  mm  NATO  round  be  used  as  a  standard.  However,  as  there  are  various  versions  of  this  bullet 
(e.g.  with  steel  or  tombac  jackets),  which  behave  differently  in  soft  matter,  this  would  have  to  be 
specified  in  more  detail.  The  parameters  required  would  include  such  ballistic  data  as  Vo,  twist 
length,  stability  number  and  range. 

Adopting  such  a  limit  on  effectiveness  would  overcome  the  advantages  mentioned 
above.  The  new  definition  would  make  no  mention  of  bullet  design  or  behaviour, 
and  it  would  be  possible  to  make  quantitative  comparisons  between  different  bul¬ 
lets.  There  would  also  be  a  clear  result:  a  given  bullet  would  either  meet  the  stan¬ 
dard  or  it  would  not. 

A  further  advantage  of  this  method  is  that  it  could  be  extended  to  yield  measur¬ 
able  effectiveness  limits  for  any  projectiles  (e.g.  fragments  or  flechettes).  The 
permissible  effectiveness  functions  for  such  projectiles  could  differ  from  those  for 
conventional  bullets.  Regulations  could  also  be  drawn  up  for  special-purpose 
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ammunition  (for  the  police  or  for  anti-terror  operations),  with  the  advantage  of 
including  a  defined,  measurable  risk  of  injury  that  was  not  to  be  exceeded. 
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A.2.1  Fluids  and  materials  that  behave  like  fluids 
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Material 

Tc 

P 

K 

0 

V 

c 

°C 

[kg/m3] 

[1/Pa] 

[Pa-s] 

[m2/s] 

[m/s] 

Water 

20 

998 

4.6- 10~10 

1 .0-10  3 

1.00-10^ 

1483 

0 

1000 

5.110  10 

1.8 

1.79-10  3 

1403 

Glycerine 

20 

1260 

2.2-10~10 

1.48 

1.17-10  3 

1923 

0 

- 

1.210  9 

- 

- 

- 

Ethanol 

20 

789 

9.310  10 

1.20-10  3 

1.52-10^ 

1170 

0 

806 

10.2-10  10 

- 

- 

1 100 

Soap 

20 

1080 

3.4-10~10 

®  5.0-10~3  a 

=  5.0- 10  6 

1660 

Gelatine  10% 

20 

1030 

4.2-10  111 

*  40.0  a 

=  0.04 

1520 

4 

- 

- 

- 

- 

I486 

Gelatine  20% 

20 

1060 

3.8-10  10 

*  1.0-102a 

*  0.1 

1567 

0 

- 

- 

- 

- 

1541 

Air 

0 

1.23 

7.4- 10~6 

1.72-10  5 

1.33-10  5 

331 

At  30°C.  Measurements  not  possible  at  lower  temperatures.  Viscosity  increases 
rapidly  as  temperature  decreases  (Sahli  1990). 


A.2.2  Solid  materials 

The  table  below  lists  the  typical  density,  tensile  strength  and  Young’s  modulus  of  materials  used  in 
the  manufacture  of  bullets.  These  are  approximate  values  (for  non-ferrous  metals,  e.g.  cold- 
worked,  50%)  which  may  change  significantly  depending  on  how  the  material  is  used. 


Material 

Density 

[kg/m3] 

Tensile 

strength 

[N/mm2] 

Young’s 

modulus 

[N/mm2] 

Composition 

[%] 

Steel  (C  45) 

Fe 

7,850 

660-780 

210,000 

Reinforced  steel 

7,850 

1,200 

210,000 

Copper 

Cu 

8,930 

220 

124,000 

Nickel 

Ni 

8,900 

440 

210,000 

Cupro-nickel 

8,880 

630 

25,000 

20  Ni,  1  Fe,  2  Mn 

Brass 

CuZn 

8,600 

600 

110,000 

20-40  Zn 

Tombac 

CuZn 

8,800 

470 

120,000 

5-20  Zn 

Antimony  lead 

PbSb 

10,950 

45 

16,000 

2-5  Sb 

Aluminium 

A1 

2,700 

50-130 

71,000 

Duraluminium 

2,990 

250^100 

73,000 

4  Cu,l  Mg,l  Mn 

Tungsten 

W 

19,300 

1,400 

400,000 
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A.3  Calibre  designations  (metric  system) 

Values  and  nomenclature  from  the  data  sheets  of  the  CIP  (Permanent  International  Commission 
for  the  Proof  of  Small  Amts).  English  names  based  on  the  standard  work  “Cartridges  of  the 
World”  by  F.  C.  Barnes  (7th  Edition). 


A.3.1  Handguns 


Designation 

Calibre 

Bullet  0 

Case  length 

C.I.P. 

English 

[mm] 

[mm] 

[mm] 

5.45  x  18 

5.45  x  18  Soviet 

5.45 

5.62 

18.00 

6.35  Browning 

25  Auto  Pistol 

6.17 

6.38 

15.55 

7  x  49  GJW 

6.96 

7.25 

49.00 

7.5  Ord.  Swiss 

7.5  mm  Swiss  Army  Rev. 

7.65 

8.00 

22.80 

7.62  Nagant 

7.62  mm  Russian  Nagant  Rev. 

7.62 

7.82 

38.80 

7.62  x  25  Tokarev 

7.62  x  25  Russian  Tokarev 

7.62 

7.90 

25.00 

7.63  Mauser 

30  Mauser 

7.62 

7.86 

25.15 

7.65  Browning 

32  Auto 

7.63 

7.85 

17.20 

7.65  Parabellum 

30  Luger 

7.62 

7.85 

21.59 

9  mm  Browning  short 

38  Auto 

8.84 

9.04 

17.33 

9x  18 

9  mm  Ultra 

8.82 

9.02 

18.00 

9  mm  Makarov 

9  mm  Russian  Makarov 

9.00 

9.27 

18.10 

9  mm  Lugera 

8.82 

9.03 

19.15 

9  mm  Browning  long 

9  mm  Browning  long 

8.92 

9.09 

20.20 

9  x  21 

8.79 

9.03 

21.15 

1 0  mm  Auto 

9.91 

10.16 

25.20 

32S&W 

32  Smith  &  Wesson 

7.70 

8.00 

15.37 

32  Long  Colt 

7.75 

7.97 

23.27 

357  SIG 

8.79 

9.03 

21.97 

357  Magnum 

8.79 

9.12 

32.77 

38S&W 

38  Smith  &  Wesson 

8.89 

9.17 

19.69 

38  Special  (38  Spl.) 

38  Smith  &  Wesson  Special 

8.79 

9.12 

29.34 

38  Super  Auto 

8.79 

9.04 

22.86 

40S&W 

40  Smith  &  Wesson  Auto 

9.91 

10.17 

21.59 

41  Rem.  Mag. 

41  Smith  &  Wesson  Magnum 

10.13 

10.41 

32.77 

44  S  &  W  Special 

44  Smith  &  Wesson  Special 

10.59 

10.98 

29.46 

44  Rem.  Mag. 

44  Smith  &  Wesson  Magnum 

10.59 

10.97 

32.64 

45  Auto 

11.23 

11.48 

22.81 

Formerly  known  as  “9  mm  Parabellum” 
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A.3.2  Military  rifles 


Designation 

Military  C.I.P. 

Calibre 

[mm] 

Bullet  0 

[mm] 

Case  length 

[mm] 

5.45  x  39  (Kalashnikov) 

5.45  x  39 

5.45 

5.60 

39.82 

5.56  mm  NATO 

223  Rem.  (5.56  x  45) 

5.56 

5.70 

44.70 

7.5  mm  GP  1 1 

7.5  x  55  Suisse 

7.54 

7.73 

55.60 

7.62  x  39  (Kalashnikov) 

7.62  x  39 

7.62 

7.92 

38.70 

30  M  1  Carbine 

30  Carbine  (7.62  x  33) 

7.62 

7.85 

32.77 

7.62  mm  NATO 

308  Win.  (7.62  x  51) 

7.62 

7.85 

51.18 

7.62  mm  Mosin-Nagant 

7.62  x  54  R 

7.62 

7.92 

53.72 

30-06 

30-06  Spring.  (7.62  x  63) 

7.62 

7.85 

63.35 

303  British 

303  British  (7.7  x  56  R) 

7.70 

7.92 

56.44 

A.3.3  Hunting  and  sporting  rifles 


Designation 

Calibre 

Bullet  0 

Case  length 

C.I.P. 

[mm] 

[mm] 

[mm] 

5.6x57 

5.54 

5.70 

56.70 

6  mm  Rem. 

6.00 

6.18 

56.70 

6  mm  BR  Norma 

6.02 

6.18 

39.60 

6.5  x  57 

6.45 

6.70 

56.70 

6.5  x  68 

6.45 

6.70 

67.50 

7  x  49  GJW 

6.96 

7.25 

49.00 

7  x  57 

6.98 

7.25 

57.00 

7  x  64 

6.98 

7.25 

64.00 

7  mm  Rem.  Mag. 

7.04 

7.23 

63.50 

7  mm  Weath.  Mag. 

7.02 

7.22 

64.75 

8  x  57  J 

7.80 

8.09 

57.00 

8  x  57  JS 

7.89 

8.22 

57.00 

8  x  60  S 

7.89 

8.22 

60.00 

8  x  64  S 

7.89 

8.22 

64.00 

8  x  68  S 

7.89 

8.22 

67.50 

9.3  x  53  R 

8.90 

9.25 

53.00 

9.3  x  62 

9.00 

9.30 

62.00 

9.3  x  74  R 

9.00 

9.30 

74.70 

10.75  x  68 

10.45 

10.78 

68.00 

222  Rem. 

5.56 

5.70 

43.20 

243  Win. 

6.02 

6.18 

51.95 

270  Win. 

6.86 

7.06 

64.50 
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Designation 

Calibre 

Bullet  0 

Case  length 

C.I.P. 

[mm] 

[mm] 

[mm] 

280  Rem. 

7.04 

7.20 

64.50 

30-30  Win. 

7.62 

7.85 

51.80 

300  H&H  Mag. 

7.62 

7.85 

72.40 

300  Weath.  Mag. 

7.62 

7.84 

71.75 

300  Win.  Mag. 

7.62 

7.84 

66.55 

300  Savage 

7.62 

7.85 

47.50 

303  British 

7.69 

7.94 

56.45 

358  Win. 

8.89 

9.11 

51.20 

375  H&H  Mag. 

9.30 

9.55 

72.40 

458  Win.  Mag. 

11.43 

11.66 

63.50 

460  Weath.  Mag. 

11.43 

11.64 

74.00 

Abbreviations:  Mag.  Magnum  Win.  Winchester 

Rem.  Remington  Weath.  Weatherby 

Spring.  Springfield 


A.4  Ballistic  data  for  cartridges  (metric  system) 

A.4.1  Handgun  cartridges 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[mm] 

[g] 

[g/mm2] 

[m/s] 

[N-s] 

[J] 

[J/mm2] 

5.45  x  18 

5.45 

2.45 

0.1050 

315 

0.82 

122 

5.53 

6.35  Browning 

6.35 

3.20 

0.1010 

230 

0.74 

85 

3.16 

7.62  mm  Nagant 

7.62 

7.00 

0.1535 

285 

2.00 

284 

6.23 

7.62  x  25  Tokarev 

7.62 

5.60 

0.1228 

455 

2.55 

580 

12.71 

7.63  Mauser 

7.62 

5.50 

0.1206 

430 

2.37 

508 

11.15 

7.65  Browning 

7.65 

4.70 

0.1023 

305 

1.43 

219 

4.76 

7.65  Parabellum 

7.65 

6.00 

0.1305 

360 

2.16 

389 

8.46 

9  mm  Browning  short 

9.00 

6.10 

0.0959 

275 

1.68 

231 

3.63 

9  mm  Browning  long 

9.00 

7.20 

0.1132 

335 

2.41 

404 

6.35 

9  mm  Makarov 

9.00 

6.10 

0.0959 

340 

2.07 

353 

5.54 

9x  18 

9.00 

6.10 

0.0959 

330 

2.01 

332 

5.22 

9  mm  Luger 

9.00 

8.00 

0.1258 

350 

2.80 

490 

7.70 

9  mm  Luger  (submachine 
gun) 

9.00 

8.00 

0.1258 

410 

3.28 

672 

10.57 

10  mm  Auto 

10.00 

10.70 

0.1362 

365 

3.91 

713 

9.08 

13.00 

0.1655 

320 

4.16 

666 

8.47 

A.4  Ballistic  data  for  cartridges  (metric  system)  35 1 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[mm] 

[g] 

[g/mm2] 

[m/s] 

[N-s] 

[J] 

[J/mm2] 

22  short 

5.60 

1.80 

0.0731 

280 

0.50 

71 

2.86 

22  long 

5.60 

1.80 

0.0731 

365 

0.66 

120 

4.87 

22  L.R.  (22  long  rifle) 

5.60 

2.55 

0.1035 

330 

0.84 

139 

5.64 

22  Win.  Mag. 

5.60 

2.60 

0.1056 

615 

1.60 

492 

19.96 

32S&W 

7.65 

5.50 

0.1197 

210 

1.16 

121 

2.64 

32  S  &  W  long 

7.65 

6.35 

0.1382 

240 

1.52 

183 

3.98 

357  Magnum 

9.00 

10.20 

0.1603 

430 

4.39 

943 

14.82 

357  SIG 

9.00 

8.10 

0.1273 

410 

3.32 

681 

10.70 

38S&W 

9.00 

9.40 

0.1478 

220 

2.07 

227 

3.58 

38  S  &  W  Spl. 

9.00 

10.20 

0.1603 

265 

2.70 

358 

5.63 

40S&W 

10.00 

10.00 

0.1273 

350 

3.50 

613 

7.80 

11.70 

0.1490 

290 

3.39 

492 

6.26 

41  Mag. 

10.40 

13.60 

0.1601 

455 

6.19 

1408 

16.57 

44  Rem.  Mag. 

11.20 

15.60 

0.1583 

440 

6.86 

1510 

15.33 

44  S  &  W  Special 

11.20 

15.90 

0.1614 

230 

3.66 

421 

4.27 

45  Auto 

11.25 

14.90 

0.1499 

260 

3.87 

504 

5.07 

45  Colt 

11.25 

16.20 

0.1630 

265 

4.29 

569 

5.72 

A.4.2  Military  ammunition 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[mm] 

[g] 

[g/mm2] 

[m/s] 

[N-s] 

[J] 

[J/mm2] 

4.6  x  30  (MP  7) 

4.60 

2.60 

0.1564 

600 

1.56 

468 

28.16 

5.45  x  39  (Kalashnikov). 

3.45 

3.45 

0.1479 

900 

3.11 

1397 

59.90 

5.56  x  45  (223  Rem.) 

5.56 

3.56 

0.1466 

965 

3.44 

1658 

68.27 

5.56  mm  NATO 

5.56 

4.00 

0.1647 

920 

3.68 

1693 

69.72 

5.6  mm  GP  90  (Swiss) 

5.56 

4.10 

0.1689 

905 

3.71 

1679 

69.15 

7.5  x  55  Suisse 

7.50 

11.30 

0.2558 

750 

8.48 

3178 

71.94 

7.62  x  39  (Kalashnikov) 

7.62 

8.00 

0.1754 

700 

5.60 

1960 

42.98 

7.62  mm  NATO  (7.62x51) 

7.62 

9.50 

0.2083 

830 

7.89 

3272 

71.75 

7.62  x  54  R 

7.62 

12.00 

0.2631 

800 

9.60 

3840 

84.20 

7.92  mm  Mauser 

7.92 

11.50 

0.2334 

835 

9.60 

4009 

81.38 

30  M 1  Carbine 

7.62 

7.10 

0.1557 

600 

4.26 

1278 

28.02 

300  Win.  Mag. 

7.62 

9.70 

0.2127 

1035 

10.04 

5195 

113.93 

30-06  (7.62  x  63). 

7.62 

9.75 

0.2138 

835 

8.14 

3399 

74.53 

303  British 

7.70 

11.30 

0.2427 

745 

8.42 

3136 

67.34 
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A.4.3  Hunting  and  sporting  ammunition 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[mm] 

[g] 

[g/mm2] 

[m/s] 

[N-s] 

[J] 

[J/mm2] 

5.6x57 

5.60 

4.80 

0.1991 

1040 

4.99 

2596 

107.69 

5.6  x  61  SE  v.  H. 

5.60 

5.00 

0.2105 

1130 

5.65 

3192 

134.36 

6  mm  Rem. 

6.00 

5.20 

0.1839 

1080 

5.62 

3033 

107.26 

6.50 

0.2299 

972 

6.32 

3071 

108.60 

6  mm  BR  Norma 

6.00 

6.80 

0.2405 

850 

5.78 

2457 

86.88 

6.5  x  54  M.  Sch. 

6.50 

10.10 

0.3044 

750 

7.58 

2841 

85.60 

6.5  x  55 

6.50 

9.00 

0.2712 

850 

7.65 

3251 

97.98 

6.5  x  57 

6.50 

6.00 

0.1808 

1010 

6.06 

3060 

92.22 

10.00 

0.3014 

815 

8.15 

3321 

100.08 

6.5  x  68 

6.50 

8.50 

0.2562 

985 

8.37 

4123 

124.26 

7  x  49  GJW 

7.00 

10.90 

0.2832 

650 

7.09 

2303 

59.83 

7  x  57 

7.00 

7.50 

0.1949 

890 

6.68 

2970 

77.18 

9.00 

0.2339 

780 

7.02 

2738 

71.14 

11.20 

0.2910 

760 

8.51 

3235 

84.05 

7  x  64 

7.00 

11.20 

0.2910 

850 

9.52 

4046 

105.13 

7  x  75  R  SE  v.  Hofe 

7.00 

11.00 

0.2858 

935 

10.29 

4808 

124.94 

7  mm  Rem.  Mag. 

7.00 

9.70 

0.2520 

995 

9.65 

4802 

124.77 

11.30 

0.2936 

935 

10.57 

4939 

128.35 

7  mm  Weath.  Mag. 

7.00 

11.30 

0.2936 

890 

10.06 

4475 

116.29 

8  x  57  JS 

8.00 

10.30 

0.2049 

830 

8.55 

3548 

70.58 

12.70 

0.2527 

800 

10.16 

4064 

80.85 

8  x  60 

8.00 

12.70 

0.2527 

792 

10.06 

3983 

79.24 

8  x  64  S 

8.00 

12.70 

0.2527 

803 

10.20 

4095 

81.46 

8  x  68  S 

8.00 

12.10 

0.2407 

970 

11.74 

5692 

113.25 

9x57 

9.00 

15.90 

0.2499 

656 

10.43 

3421 

53.78 

9.3  x  53  R 

9.30 

16.60 

0.2444 

700 

11.62 

4067 

59.87 

9.3  x  62 

9.30 

16.00 

0.2355 

800 

12.80 

5120 

75.37 

18.50 

0.2723 

720 

13.32 

4795 

70.59 

9.3  x  74  R 

9.30 

18.50 

0.2723 

710 

13.14 

4663 

68.64 

10.75  x  68 

10.75 

22.50 

0.2479 

680 

15.30 

5202 

57.31 

222  Rem. 

5.56 

3.20 

0.1318 

975 

3.12 

1521 

62.65 

243  Win. 

6.00 

5.20 

0.1839 

1060 

5.51 

2921 

103.32 

6.50 

0.2299 

935 

6.08 

2841 

100.49 

244  Rem. 

6.00 

5.80 

0.2051 

975 

5.66 

2757 

97.50 

250  Savage 

6.35 

6.50 

0.2052 

860 

5.59 

2404 

75.90 

270  Win. 

6.85 

8.40 

0.2279 

960 

8.06 

3871 

105.03 
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Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[mm] 

[g] 

[g/mm2] 

[m/s] 

[N-s] 

[J] 

[J/mm2] 

270  Win. 

6.85 

9.70 

0.2632 

850 

8.25 

3504 

95.08 

280  Rem. 

7.00 

10.70 

0.2780 

860 

9.20 

3957 

102.82 

30-30  Win. 

7.62 

11.00 

0.2412 

675 

7.43 

2506 

54.95 

30-06  Spring. 

7.62 

9.70 

0.2127 

905 

8.78 

3972 

87.10 

11.70 

0.2566 

825 

9.65 

3982 

87.31 

300  H  &  H  Mag. 

7.62 

11.70 

0.2566 

890 

10.41 

4634 

101.61 

14.30 

0.3136 

800 

11.44 

4576 

100.34 

300  Weath.  Mag. 

7.62 

9.70 

0.2127 

1060 

10.28 

5449 

119.50 

300  Win.  Mag. 

7.62 

9.70 

0.2127 

1035 

10.04 

5195 

113.93 

11.70 

0.2566 

935 

10.94 

5114 

112.14 

300  Savage 

7.70 

11.70 

0.2513 

720 

8.42 

3033 

65.13 

303  British 

7.70 

11.20 

0.2405 

725 

8.12 

2944 

63.21 

14.00 

0.3006 

665 

9.31 

3096 

66.48 

358  Win. 

8.90 

13.00 

0.2090 

771 

10.02 

3864 

62.11 

375  H  &  H  Mag. 

9.30 

17.50 

0.2576 

835 

14.61 

6101 

89.81 

19.40 

0.2856 

790 

15.33 

6054 

89.12 

458  Win.  Mag. 

11.43 

32.40 

0.3158 

650 

21.03 

6823 

66.50 

460  Weath.  Mag. 

11.43 

32.40 

0.3158 

770 

24.95 

9605 

93.61 

A.4.4  Pre-1900  weapons  and  ammunition 


Designation 

Calibre 

[mm] 

Mass 

[g] 

q 

[g/mm2] 

v0 

[m/s] 

I 

[N-s] 

E 

[J] 

ED 

[J/mm2] 

Flintlock  rifle8 

16.6 

26.7 

0.124 

455 

12.2 

2767 

12.8 

Flintlock  rifleb 

17.5 

30.9 

0.129 

495 

15.3 

3786 

15.7 

Flintlock  pistol8 

13.5 

14.5 

0.101 

385 

5.6 

1071 

7.5 

Percussion  rifled 

11.5 

33.0 

0.318 

410 

13.5 

2774 

26.7 

Dreyse  (D) 

13.6 

31.0 

0.213 

295 

9.1 

1349 

9.3 

Chassepot  (F) 

11.8 

25.0 

0.229 

420 

10.5 

2200 

20.2 

Vetterli  (CH) 

10.4 

19.4 

0.228 

435 

8.4 

1835 

21.6 

45-70  Springfield 

11.4 

25.9 

0.254 

395 

10.2 

2021 

19.7 

Gewehr  88  (D) 

7.9 

15.0 

0.306 

640 

9.6 

3072 

62.7 

Values  for  first  three  weapons  from  MlSSLIWETZ  and  WlESER. 

8  Hunting  rifle,  second  half  of  18th  century.  Weight  3.88  kg,  barrel  length  680  mm. 
b  Flintlock  rifle  with  combined  match  and  smooth  bore.  Montecuccolli,  built  in  1686,  weight 
4.2  kg.  barrel  length  1050  mm. 

c  Smooth-bore  pistol.  Built  around  1700.  Weight  1.16  kg,  barrel  length  332  mm. 
d  Percussion  rifle.  Mid- 1 9th-century . 
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A.4.5  Ballistic  performance  of  certain  bows  and  crossbows 


A.4.5.1  Technical  data3 


Weapon 

Weight 

[kg] 

Pull  force 

[N] 

Draw 

length 

[cm] 

Mass 

[g] 

Length 

[cm] 

Arrow/bolt 

diameter 

[mm] 

Crossbow,  180  lbs 

2.56 

800 

27 

24.5 

38.2 

6 

Crossbow,  220  lbs 

3.60 

987 

29 

24.0 

37.5 

8.5 

Pistol  crossbow 

1.68 

200 

9 

9.2 

15.5 

6 

Delta  V  longbow 

3.58 

785 

74 

39.0 

76.8 

8.6 

from  MiSSLIWETZ and  WlESER(1985a) 


A.4.5.2  Ballistic  data3 


Weapon 

V 

E 

Max.  range 

Penetration  depth 

Wood 

Gelatine 

[m/s] 

[J] 

[m] 

[cm] 

[cm] 

Crossbow,  180  lbs 

58 

40.4 

268 

2.8 

24.2 

Crossbow,  220  lbs 

59 

41.4 

274 

2.4 

>30 

Pistol  crossbow 

45 

9.3 

165 

0.8 

7.5 

Delta  V  longbow 

71 

98.2 

337 

4.6 

>30 

from  MiSSLIWETZ  and  WlESER(1985a) 


A.4.6  Ballistic  data  for  various  types  of  projectiles  used  in  sporta 


Projectile 

m 

[g] 

d 

[mm] 

V 

[m/s] 

E 

[J] 

ED 

[J/mm2] 

Rangeb 

[m] 

Golfball 

46 

41 

75 

130 

0.230 

260 

Tennis  ball 

59 

65 

60 

106 

0.037 

140 

Squash  ball 

28 

40 

55 

42 

0.076 

130 

Nouss  (used  in  hornussen') 

78 

60  x  30 

80 

250 

0.200d 

300 

Baseball 

145 

74 

60 

180 

0.090 

180 

Ice-hockey  puck 

163 

76  x  25 

50 

205 

0.210 

130 

Football 

425 

221 

40 

340 

0.025 

70 

Handball 

450 

188 

35 

275 

0.026 

70 

Shot  used  in  shot-putting 

7257 

121 

15 

815 

0.071 

23 

a  Approximate  values  encountered  at  top  levels  in  the  sports  concerned  Source:  Internet  and 
various  reference  works. 

b  Ballistic  calculations,  based  on  data  from  tables. 
c  Swiss  team  sport  (see  Kneubuehl  2001). 

d  Energy  density  when  the  projectile  is  in  the  vicinity  of  the  opposing  team. 
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A.5  Calibre  designations  (British/U.S.  system) 

Values  and  nomenclature  from  the  data  sheets  of  the  CIP  (Permanent  International  Commission 
for  the  Proof  of  Small  Anns).  English  names  based  on  the  standard  work  “Cartridges  of  the 
World”  by  F.  C.  Barnes  (7th  Edition). 


A.5.1  Handguns 


Designation 

Calibre 

Bullet  0 

Case  length 

C.I.P. 

English 

[in] 

[in] 

[in] 

5.45  x  18 

5.45  x  18  Soviet 

0.215 

0.221 

0.709 

6.35  Browning 

25  Auto  Pistol 

0.243 

0.251 

0.612 

7  x  49  GJW 

0.274 

0.285 

1.929 

7.5  Ord.  Swiss 

7.5  mm  Swiss  Army  Rev. 

0.301 

0.315 

0.898 

7.62  Nagant 

7.62  mm  Russian  Nagant  Rev. 

0.300 

0.308 

1.528 

7.62  x  25  Tokarev 

7.62  x  25  Russian  Tokarev 

0.300 

0.311 

0.984 

7.63  Mauser 

30  Mauser 

0.300 

0.309 

0.990 

7.65  Browning 

32  Auto 

0.300 

0.309 

0.677 

7.65  Parabellum 

30  Luger 

0.300 

0.309 

0.850 

9  mm  Browning  short 

38  Auto 

0.348 

0.356 

0.682 

9x  18 

9  mm  Ultra 

0.347 

0.355 

0.709 

9  mm  Makarov 

9  mm  Russian  Makarov 

0.354 

0.365 

0.713 

9  mm  Lugera 

0.347 

0.356 

0.754 

9  mm  Browning  long 

9  mm  Browning  long 

0.351 

0.358 

0.795 

9  x  21 

0.346 

0.356 

0.833 

1 0  mm  Auto 

0.390 

0.400 

0.992 

32S&W 

32  Smith  &  Wesson 

0.303 

0.315 

0.605 

32  Long  Colt 

0.305 

0.314 

0.916 

357  SIG 

0.346 

0.356 

0.865 

357  Magnum 

0.346 

0.359 

1.290 

38S&W 

38  Smith  &  Wesson 

0.350 

0.361 

0.775 

38  Special  (38  Spl.) 

38  Smith  &  Wesson  Special 

0.346 

0.359 

1.155 

38  Super  Auto 

0.346 

0.356 

0.900 

40S&W 

40  Smith  &  Wesson  Auto 

0.390 

0.400 

0.850 

41  Rem.  Mag. 

41  Smith  &  Wesson  Magnum 

0.399 

0.410 

1.290 

44  S  &  W  Special 

44  Smith  &  Wesson  Special 

0.417 

0.432 

1.160 

44  Rem.  Mag. 

44  Smith  &  Wesson  Magnum 

0.417 

0.432 

1.285 

45  Auto 

0.442 

0.452 

0.898 

Formerly  known  as  “9  mm  Parabellum” 
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A.5.2  Military  rifles 


Designation 

Military  C.I.P. 

Calibre 

[in] 

Bullet  0 

[in] 

Case  length 

[in] 

5.45  x  39  (Kalashnikov) 

5.45  x  39 

0.215 

0.220 

1.568 

5.56  mm  NATO 

223  Rem.  (5.56  x  45) 

0.219 

0.224 

1.760 

7.5  mmGPll 

7.5  x  55  Suisse 

0.297 

0.304 

2.189 

7.62  x  39  (Kalashnikov) 

7.62  x  39 

0.300 

0.312 

1.524 

30  M  1  Carbine 

30  Carbine  (7.62  x  33) 

0.300 

0.309 

1.290 

7.62  mm  NATO 

308  Win.  (7.62  x  51) 

0.300 

0.309 

2.015 

7.62  mm  Mosin-Nagant 

7.62  x  54  R 

0.300 

0.312 

2.115 

30-06 

30-06  Spring.  (7.62  x  63) 

0.300 

0.309 

2.494 

303  British 

303  British  (7.7  x  56  R) 

0.303 

0.312 

2.222 

A.5.3  Hunting  and  sporting  rifles 


Designation 

Calibre 

Bullet  0 

Case  length 

C.I.P. 

[in] 

[in] 

[in] 

5.6x57 

0.218 

0.224 

2.232 

6  mm  Rem. 

0.236 

0.243 

2.232 

6  mm  BR  Norma 

0.237 

0.243 

1.559 

6.5  x  57 

0.254 

0.264 

2.232 

6.5  x  68 

0.254 

0.264 

2.657 

7  x  49  GJW 

0.274 

0.285 

1.929 

7  x  57 

0.275 

0.285 

2.244 

7  x  64 

0.275 

0.285 

2.520 

7  mm  Rem.  Mag. 

0.277 

0.285 

2.500 

7  mm  Weath.  Mag. 

0.276 

0.284 

2.549 

8  x  57  J 

0.307 

0.319 

2.244 

8  x  57  JS 

0.311 

0.324 

2.244 

8  x  60  S 

0.311 

0.324 

2.362 

8  x  64  S 

0.311 

0.324 

2.520 

8  x  68  S 

0.311 

0.324 

2.657 

9.3  x  53  R 

0.350 

0.364 

2.087 

9.3  x  62 

0.354 

0.366 

2.441 

9.3  x  74  R 

0.354 

0.366 

2.941 

10.75  x  68 

0.411 

0.424 

2.677 

222  Rem. 

0.219 

0.224 

1.701 

243  Win. 

0.237 

0.243 

2.045 

270  Win. 

0.270 

0.278 

2.539 
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Designation 

Calibre 

Bullet  0 

Case  length 

C.I.P. 

[in] 

[in] 

[in] 

280  Rem. 

0.277 

0.283 

2.539 

30-30  Win. 

0.300 

0.309 

2.039 

300  H&H  Mag. 

0.300 

0.309 

2.850 

300  Weath.  Mag. 

0.300 

0.309 

2.825 

300  Win.  Mag. 

0.300 

0.309 

2.620 

300  Savage 

0.300 

0.309 

1.870 

303  British 

0.303 

0.313 

2.222 

358  Win. 

0.350 

0.359 

2.016 

375  H&H  Mag. 

0.366 

0.376 

2.850 

458  Win.  Mag. 

0.450 

0.459 

2.500 

460  Weath.  Mag. 

0.450 

0.458 

2.913 

Abbreviations:  Mag.  Magnum  Win.  Winchester 

Rem.  Remington  Weath.  Weatherby 

Spring.  Springfield 


A.6  Ballistic  data  for  cartridges  (British/U.S.  units) 

A.6.1  Handgun  cartridges 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[in] 

[gr] 

[lb/in2] 

[ft/s] 

[lbf-s] 

[ft  lbf] 

□ 

5.45  x  18 

0.21 

38 

0.139 

1035 

0.184 

90 

2631 

6.35  Browning 

0.25 

50 

0.133 

755 

0.166 

62 

1504 

7.62  mm  Nagant 

0.30 

108 

0.203 

935 

0.450 

210 

2965 

7.62  x  25  Tokarev 

0.30 

86 

0.162 

1495 

0.573 

428 

6048 

7.63  Mauser 

0.30 

85 

0.159 

1410 

0.533 

375 

5306 

7.65  Browning 

0.30 

73 

0.135 

1000 

0.321 

161 

2265 

7.65  Parabellum 

0.30 

93 

0.172 

1180 

0.486 

287 

4026 

9  mm  Browning  short 

0.35 

94 

0.127 

900 

0.378 

170 

1727 

9  mm  Browning  long 

0.35 

111 

0.149 

1100 

0.542 

298 

3022 

9  mm  Makarov 

0.35 

95 

0.127 

1115 

0.465 

260 

2636 

9x  18 

0.35 

95 

0.127 

1085 

0.452 

245 

2484 

9  mm  Luger 

0.35 

125 

0.166 

1150 

0.629 

361 

3664 

9  mm  Luger  (submachine 
gun) 

0.35 

125 

0.166 

1345 

0.737 

496 

5030 

10  mm  Auto 

0.39 

165 

0.180 

1200 

0.879 

526 

4321 

0.00 

200 

0.218 

1050 

0.935 

491 

4030 

[ft-lbf/in2] 
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Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[in] 

[gr] 

[lb/in2] 

[ft/s] 

[lbf-s] 

[ft-lbf] 

n 

22  short 

0.22 

28 

0.097 

920 

0.112 

52 

1361 

22  long 

0.22 

28 

0.097 

1200 

0.148 

88 

2317 

22  L.R.  (22  long  rifle) 

0.22 

40 

0.137 

1085 

0.189 

102 

2684 

22  Win.  Mag. 

0.22 

40 

0.139 

2020 

0.360 

363 

9498 

32S&W 

0.30 

85 

0.158 

690 

0.261 

89 

1256 

32  S  &  W  long 

0.30 

98 

0.182 

785 

0.342 

135 

1894 

357  Magnum 

0.35 

158 

0.212 

1410 

0.987 

696 

7052 

357  SIG 

0.35 

125 

0.168 

1345 

0.746 

502 

5092 

38S&W 

0.35 

145 

0.195 

720 

0.465 

168 

1704 

38  S  &  W  Spl. 

0.35 

158 

0.212 

870 

0.607 

264 

2679 

40S&W 

0.39 

154 

0.168 

1150 

0.787 

452 

3712 

0.00 

180 

0.197 

950 

0.762 

363 

2979 

41  Mag. 

0.41 

210 

0.211 

1495 

1.392 

1038 

7885 

44  Rem.  Mag. 

0.44 

240 

0.209 

1445 

1.542 

1114 

7295 

44  S  &  W  Special 

0.44 

245 

0.213 

755 

0.823 

310 

2032 

45  Auto 

0.45 

230 

0.198 

855 

0.870 

371 

2413 

45  Colt 

0.45 

250 

0.215 

870 

0.964 

420 

2722 

A.6.2  Military  ammunition  (U.S.) 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[in] 

[gr] 

[lb/in2] 

[ft/s] 

[lbf-s] 

[ft- lbf] 

n 

4.6  x  30  (MP  7) 

0.18 

40 

0.206 

1970 

0.351 

345 

13400 

5.45  x  39  (Kalashnikov). 

0.21 

53 

0.195 

2955 

0.699 

1030 

28503 

5.56  x  45  (223  Rem.) 

0.22 

55 

0.194 

3165 

0.773 

1223 

32486 

5.56  mm  NATO 

0.22 

62 

0.217 

3020 

0.827 

1249 

33176 

5.6  mm  GP  90  (Swiss) 

0.22 

63 

0.223 

2970 

0.834 

1238 

32905 

7.5  x  55  Suisse 

0.30 

174 

0.338 

2460 

1.906 

2344 

34232 

7.62  x  39  (Kalashnikov) 

0.30 

123 

0.232 

2295 

1.259 

1446 

20452 

7.62  mm  NATO  (308  Win.) 

0.30 

147 

0.275 

2725 

1.774 

2413 

34142 

7.62  x  54  R 

0.30 

185 

0.347 

2625 

2.158 

2832 

40066 

7.92  mm  Mauser 

0.31 

177 

0.308 

2740 

2.158 

2957 

38724 

30  M 1  Carbine 

0.30 

110 

0.206 

1970 

0.958 

943 

13333 

300  Win.  Mag. 

0.30 

150 

0.281 

3395 

2.257 

3832 

54213 

30-06  (7.62  x  63). 

0.30 

150 

0.282 

2740 

1.830 

2507 

35465 

303  British 

0.30 

174 

0.320 

2445 

1.893 

2313 

32043 

[ftlbf/in2] 
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A.6.3  Hunting  and  sporting  ammunition 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[in] 

[gr] 

[lb/in2] 

[ft/s] 

[lbf-s] 

[ftlbf] 

[a] 

5.6x57 

0.22 

74 

0.263 

3410 

1.122 

1915 

51244 

5.6  x  61  SE  v.  H. 

0.22 

77 

0.278 

3705 

1.270 

2354 

63935 

6  mm  Rem. 

0.24 

80 

0.243 

3545 

1.263 

2237 

51039 

100 

0.304 

3190 

1.421 

2265 

51677 

6  mm  BR  Norma 

0.24 

105 

0.317 

2790 

1.299 

1812 

41341 

6.5  x  54  M.  Sch. 

0.26 

156 

0.402 

2460 

1.704 

2095 

40732 

6.5  x  55 

0.26 

139 

0.358 

2790 

1.720 

2398 

46623 

6.5  x  57 

0.26 

93 

0.239 

3315 

1.362 

2257 

43883 

154 

0.398 

2675 

1.832 

2449 

47623 

6.5  x  68 

0.26 

131 

0.338 

3230 

1.882 

3041 

59129 

7  x  49  GJW 

0.28 

168 

0.374 

2135 

1.594 

1699 

28470 

7  x  57 

0.28 

116 

0.257 

2920 

1.502 

2191 

36726 

139 

0.309 

2560 

1.578 

2019 

33852 

173 

0.384 

2495 

1.913 

2386 

39995 

7  x  64 

0.28 

173 

0.384 

2790 

2.140 

2984 

50026 

7  x  75  R  SE  v.  Hofe 

0.28 

170 

0.377 

3070 

2.313 

3546 

59452 

7  mm  Rem.  Mag. 

0.28 

150 

0.333 

3265 

2.169 

3542 

59371 

174 

0.388 

3070 

2.376 

3643 

61075 

7  mm  Weath.  Mag. 

0.28 

174 

0.388 

2920 

2.262 

3301 

55336 

8  x  57  JS 

0.31 

159 

0.270 

2725 

1.922 

2617 

33585 

196 

0.334 

2625 

2.284 

2997 

38472 

8  x  60 

0.31 

196 

0.334 

2600 

2.262 

2938 

37706 

8  x  64  S 

0.31 

196 

0.334 

2635 

2.293 

3020 

38762 

8  x  68  S 

0.31 

187 

0.318 

3180 

2.639 

4198 

53890 

9x57 

0.35 

245 

0.330 

2150 

2.345 

2523 

25591 

9.3  x  53  R 

0.37 

256 

0.323 

2295 

2.612 

3000 

28489 

9.3  x  62 

0.37 

247 

0.311 

2625 

2.878 

3776 

35864 

285 

0.359 

2360 

2.994 

3537 

33590 

9.3  x  74  R 

0.37 

285 

0.359 

2330 

2.954 

3439 

32662 

10.75  x  68 

0.42 

347 

0.327 

2230 

3.440 

3837 

27271 

222  Rem. 

0.22 

49 

0.174 

3200 

0.701 

1122 

29812 

243  Win. 

0.24 

80 

0.243 

3480 

1.239 

2154 

49164 

100 

0.304 

3070 

1.367 

2095 

47818 

244  Rem. 

0.24 

90 

0.271 

3200 

1.272 

2033 

46395 

250  Savage 

0.25 

100 

0.271 

2820 

1.257 

1773 

36117 

270  Win. 

0.27 

130 

0.301 

3150 

1.812 

2855 

49978 

360  Appendix  A:  Tables 


Designation 

Calibre 

Mass 

q 

v0 

I 

E 

ED 

[in] 

[gr] 

[lb/in2] 

[ft/s] 

[lbf-s] 

[ft-lbf] 

n 

270  Win. 

0.27 

150 

0.347 

2790 

1.855 

2584 

45243 

280  Rem. 

0.28 

165 

0.367 

2820 

2.068 

2919 

48926 

30-30  Win. 

0.30 

170 

0.318 

2215 

1.670 

1848 

26148 

30-06  Spring. 

0.30 

150 

0.281 

2970 

1.974 

2930 

41446 

181 

0.339 

2705 

2.169 

2937 

41546 

300  H  &  H  Mag. 

0.30 

181 

0.339 

2920 

2.340 

3418 

48351 

221 

0.414 

2625 

2.572 

3375 

47746 

300  Weath.  Mag. 

0.30 

150 

0.281 

3480 

2.311 

4019 

56864 

300  Win.  Mag. 

0.30 

150 

0.281 

3395 

2.257 

3832 

54213 

0.00 

181 

0.339 

3070 

2.459 

3772 

53361 

300  Savage 

0.30 

181 

0.332 

2360 

1.893 

2237 

30992 

303  British 

0.30 

173 

0.317 

2380 

1.825 

2171 

30078 

0.00 

216 

0.397 

2180 

2.093 

2283 

31634 

358  Win. 

0.35 

201 

0.276 

2530 

2.253 

2850 

29555 

375  H  &  H  Mag. 

0.37 

270 

0.340 

2740 

3.284 

4500 

42736 

299 

0.377 

2590 

3.446 

4465 

42407 

458  Win.  Mag. 

0.45 

500 

0.417 

2135 

4.728 

5032 

31644 

460  Weath.  Mag. 

0.45 

500 

0.417 

2525 

5.609 

7084 

44544 

a  [ftlbf/in2] 


A.6.4  Pre-1900  weapons  and  ammunition 


Designation 

Calibre 

[in] 

Mass 

[gr] 

q 

[lb/in2] 

v0 

[ft/s] 

I 

[lbf-s] 

E 

[ft-lbf] 

ED 

n 

Flintlock  rifle8 

0.65 

412 

0.164 

1495 

2.743 

2041 

6091 

Flintlock  rifleb 

0.69 

477 

0.170 

1625 

3.440 

2792 

7471 

Flintlock  pistol8 

0.53 

224 

0.133 

1265 

1.259 

790 

3569 

Percussion  rifled 

0.45 

509 

0.420 

1345 

3.035 

2046 

12705 

Dreyse  (D) 

0.54 

478 

0.281 

970 

2.046 

995 

4425 

Chassepot  (F) 

0.46 

386 

0.302 

1380 

2.361 

1623 

9612 

Vetterli  (CH) 

0.41 

299 

0.301 

1425 

1.888 

1353 

10278 

45-70  Springfield 

0.45 

400 

0.335 

1295 

2.293 

1491 

9374 

Gewehr  88  (D) 

0.31 

231 

0.404 

2100 

2.158 

2266 

29836 

Values  for  first  three  weapons  from  MlSSLIWETZ  and  WlESER. 
a  Hunting  rifle,  second  half  of  18th  century.  Weight  3.88  kg,  barrel  length  680  mm. 
b  Flintlock  rifle  with  combined  match  and  smooth  bore.  Montecuccolli,  built  in  1686,  weight 
4.2  kg.  barrel  length  1050  mm. 

c  Smooth-bore  pistol.  Built  around  1700.  Weight  1.16  kg,  barrel  length  332  mm. 
d  Percussion  rifle.  Mid- 1 9th-century . 
e  [ft  lbf/in2] 
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A.6.5  Ballistic  performance  of  certain  bows  and  crossbows 


A. 6. 5.1  Technical  data3 


Weapon 

Weight 

[lb] 

Pull  force 

[lbt] 

Draw 

length 

[in] 

Mass 

[gr] 

Arrow 

Length 

[in] 

Arrow/bolt 

diameter 

[in] 

Crossbow,  180  lbs 

5.64 

180 

10.6 

380 

15.0 

0.24 

Crossbow,  220  lbs 

7.94 

222 

11.4 

370 

14.8 

0.33 

Pistol  crossbow 

3.70 

45 

3.5 

142 

6.1 

0.24 

Delta  V  longbow 

7.89 

176 

29.1 

600 

30.2 

0.34 

from  MiSSLIWETZ and  WlESER(1985a) 


A.6.5.2  Ballistic  data3 


Weapon 

V 

E 

Max.  range 

Penetration  depth 

Wood 

Gelatine 

[ft/s] 

[ft-lbf] 

[yd] 

[in] 

[in] 

Crossbow,  180  lbs 

190 

29.8 

293 

1.1 

9.5 

Crossbow,  220  lbs 

195 

30.5 

300 

0.9 

>11.8 

Pistol  crossbow 

150 

6.9 

180 

0.3 

3.0 

Delta  V  longbow 

235 

72.4 

369 

1.8 

>  11.8 

from  MiSSLIWETZ  and  WlESER(1985a) 


A.6. 6  Ballistic  data  for  various  types  of  projectiles  used  in  sporta 


Projectile 

m 

[ib] 

d 

[in] 

V 

[ft/s] 

E 

[ft-lbf] 

ED 

[°] 

Rangeb 

[yd] 

Golfball 

0.10 

1.61 

245 

96 

109.4 

284 

Tennis  ball 

0.13 

2.56 

195 

78 

17.6 

153 

Squash  ball 

0.06 

1.57 

180 

31 

36.2 

142 

Nouss  (used  in  hornussen) 

0.17 

2.4  x  1.2 

260 

184 

95.2e 

328 

Baseball 

0.32 

2.91 

195 

133 

42.8 

197 

Ice-hockey  puck 

0.36 

3  x  1 

165 

151 

99.9 

142 

Football 

0.94 

8.70 

130 

251 

11.9 

77 

Handball 

0.99 

7.40 

115 

203 

12.4 

77 

Shot  used  in  shot-putting 

16.00 

4.76 

50 

601 

33.8 

25 

a  Approximate  values  encountered  at  top  levels  in  the  sports  concerned  Source:  Internet  and 
various  reference  works. 

b  Ballistic  calculations,  based  on  data  from  the  table. 
c  [ft  lbf/in2] 

d  Swiss  team  sport  (see  Kneubuehl  2001). 

e  Energy  density  when  the  projectile  is  in  the  vicinity  of  the  opposing  team. 
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A.7  Bullet  designations 

A. 7.1  Bullet  form 


English 

Abbreviation 

German 

Abbreviation 

round  ball 

Kugel 

round  nose 

RN 

Rundkopf 

R 

flat  point 

FP 

Flachkopf 

F 

spire  point 

SP 

Spitzkopf 

S 

wadcutter 

WC 

Scharfrand 

semi-wadcutter 

SWC 

truncated  cone 

TC 

Kegelstumpf 

KS 

boattailed 

BT 

mit  Fleckkonus 

A.7.2  Bullet  material 


English 

Abbreviation 

German 

Abbreviation 

lead 

Pb 

Blei 

Pb 

copper 

Cu 

Kupfer 

Cu 

brass 

Messing 

Ms 

sintered  iron 

Sintereisen 

steel 

Stahl 

Fe 

aluminium 

A1 

Aluminium 

A1 

tungsten 

W 

Wolfram 

W 

plastic 

Kunststoff 

P 

wood 

Holz 

A.7.3  Bullet  structure 


English 

Abbreviation 

German 

Abbreviation 

full  metal-jacketed 

FMJ 

Vollmantel 

VM 

jacketed 

J 

Mantel 

M 

copper-jacketed 

CJ 

Kupfermantel 

CuVM 

semi-jacketed 

SJ 

Teilmantel  (kurz) 

TM 

soft-point 

SP 

Teilmantel  (lang) 

TM 

hollow-point 

HP 

Hohlspitze 

HSp 

lead  hollow-point 

LHP 

Vollblei- 

PbHSp 

Vollkupfer- 

CuHSp 

semi-jacketed  hollow-point 

SJHP 

Teilmantel- 

TMHSp 

metal-point 

MP 

Metallkappe 

MK 
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A. 8  Geometric  data  for  selected  bullets 


The  following  values  were  obtained,  by  measurement,  by  the  weapon  systems  and  munitions 
department  of  armasuisse,  W+T,  Thun  Switzerland. 

Abbreviations: 

m  :  mass  of  bullet  ig  :  length  of  bullet 

Ja  :  axial  moment  of  inertia  xSp  :  distance  between  centre  of  gravity  and  tip 

Jq  :  radial  moment  of  inertia 

A.8.1  Military  bullets 


Designation 

Bullet 

m 

[g] 

JalO8 

[kg-m2] 

Jq107 

[kg-m2] 

4 

[mm] 

XSP 

[mm] 

5.45  x  39  (Kalashnikov) 

FMJ  SP 

3.45 

1.22 

1.22 

25.3 

15.2 

5.56  x  45  SS  109 

FMJ  SP 

4.0 

1.096 

1.123 

23.1 

14.5 

5.56  x  45  SS  92 

FMJ  SP 

3.56 

1.165 

0.763 

19.0 

11.3 

5.6  mm  GP  90  (CH) 

FMJ  SP 

4.1 

1.28 

1.15 

22.0 

13.3 

7.5  x  55  (Suisse) 

FMJ  SP 

11.3 

7.91 

7.32 

35.2 

14.7 

7.62  x  39  (Kalashnikov) 

FMJ  SP 

8.0 

5.74 

2.49 

22.6 

13.7 

7.62  mm  NATO 

FMJ  SP 

9.5 

5.96 

4.10 

28.4 

17.4 

A.8.2  Other  bullets 


Designation 

Bullet 

m 

[g] 

JalO8 

[kg-m2] 

Jq"  1  0? 
[kg-m2] 

4 

[mm] 

xSp 

[mm] 

9  mm  Luger 

FMJ  RN 

8.0 

6.5 

1.5 

15.7 

9.1 

357  Mag. 

FMJ  TC 

10.3 

8.5 

3.1 

19.5 

11.9 

38  Spl. 

LRN 

10.3 

12.0 

4.7 

21.2 

11.0 

38  Spl. 

FMJ  FP 

9.5 

9.3 

2.4 

16.0 

8.7 

38  Spl. 

Finishing  shot 

7.5 

10.6 

1.1 

13.0 

6.7 

44  Rem.  Mag. 

TM  FP 

15.5 

18.3 

4.4 

17.5 

9.7 

7  x  64 

Partitioned 

11.2 

7.4 

15.2 

34.0 

19.7 

7  x  64 

TIG 

10.5 

7.9 

11.8 

30.0 

15.0 

7  x  64 

TC 

8.0 

7.3 

5.3 

24.6 

14.6 

7  mm  Rem.  Mag. 

TC 

10.5 

6.3 

12.0 

30.5 

17.5 

243  Win. 

FMJ  SP 

5.8 

2.9 

4.2 

24.0 

14.5 

308  Win. 

RWS  Match 

12.3 

7.2 

7.8 

34.7 

20.4 

308  Win. 

Sierra  MK 

10.9 

6.6 

5.7 

31.2 

19.0 

308  Win. 

Soft-point 

7.1 

1.7 

3.4 

19.0 

11.7 

460  Weath.  Mag. 

FMJ  RN 

32.4 

290.0 

31.0 

35.3 

19.4 
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A.9  Twist  length,  angle  of  twist  and  rotation 

A.9.1  Handguns 


Designation 

Calibre 

[mm] 

Vo 

[m/s] 

[mm] 

Twist  length 

[Kal] 

[in] 

Angle 

[°] 

Rotation 

[1/s] 

22  L.R. 

5.60 

330 

350 

63 

13.75 

2.90 

943 

381 

68 

15 

2.65 

866 

7.65  Browning 

7.65 

305 

250 

33 

10 

5.50 

1220 

7.65  Parabellum 

7.65 

360 

250 

33 

10 

5.50 

1440 

9  mm  Browning,  short 

9.00 

275 

250 

28 

10 

6.45 

1100 

9  mm  Browning,  long 

9.00 

335 

250 

28 

10 

6.45 

1340 

9  x  18 

9.00 

330 

250 

28 

10 

6.45 

1320 

9  mm  Luger 

9.00 

350 

250 

28 

10 

6.45 

1400 

9  mm  Luger  (subm.  gun) 

420 

305 

34 

12 

5.30 

1377 

32S&W 

7.65 

210 

476 

62 

18.75 

2.90 

441 

38  Spl. 

9.00 

265 

476 

53 

18.75 

3.40 

557 

357  Magnum 

9.00 

430 

476 

53 

18.75 

3.40 

903 

41  Mag. 

10.40 

455 

476 

46 

18.75 

3.95 

956 

44  Rem.  Mag. 

11.20 

440 

508 

45 

20 

3.95 

866 

45  Auto 

11.25 

260 

406 

36 

16 

5.00 

640 

A.9.2  Rifles 

A.9. 2.1  Military  rifles 


Designation 

Calibre 

[mm] 

Vo 

[m/s] 

[mm] 

Twist  length 

[Cal] 

[in] 

Angle 

[°] 

Rotation 

[1/s] 

4.73  x  33 

4.73 

930 

155 

33 

6.1 

5.50 

6000 

5.45  x  39  (AKS-74) 

5.45 

900 

196 

36 

7.75 

5.00 

4592 

5.56  x  45  (223  Rem.) 

5.56 

965 

305 

55 

12 

3.30 

3164 

5.56  mm  NATO 

5.56 

920 

178 

32 

7 

5.60 

5169 

5.6  mm  GP  90  (Swiss) 

5.56 

905 

250 

45 

10 

4.00 

3620 

7.5  x  55  Suisse 

7.50 

750 

270 

36 

10.6 

5.00 

2778 

7.62  x  39  (AK-47) 

7.62 

700 

235 

31 

9.25 

5.80 

2979 

7.62  mm  NATO 

7.62 

830 

305 

40 

12 

4.50 

2721 

7.62 

830 

270 

35 

10.6 

5.05 

3074 

7.62  x  54  R 

7.62 

800 

250 

33 

10 

5.45 

3200 

30  Ml  Carbine 

7.62 

600 

406 

33 

16 

3.35 

1478 

300  Win.  Mag. 

7.62 

1035 

254 

33 

10 

5.40 

4075 

30-06  (7.62  x  63) 

7.62 

835 

254 

33 

10 

5.40 

3287 
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A. 9.2.2  Hunting  and  sporting  rifles 


Designation 

Calibre 

[mm] 

v0 

[m/s] 

[mm] 

Twist  length 

[Cal] 

[in] 

Angle  of 
twist 

[°] 

Rotation 

[1/s] 

5.6  x  57 

5.54 

1040 

250 

45 

10 

4.00 

4160 

6.5  x  54  M.  Sell. 

6.50 

750 

200 

31 

8 

5.75 

3695 

6.5  x  57 

6.50 

1010 

200 

31 

8 

5.85 

5050 

6.5  x  68 

6.50 

985 

280 

43 

11 

4.15 

3518 

7  x  57 

7.00 

760 

220 

31 

8.6 

5.70 

3455 

7  x  64 

7.00 

850 

220 

31 

8.6 

5.70 

3864 

7  mm  Rem.  Mag. 

7.00 

935 

229 

33 

9 

5.50 

4083 

7  mm  Weath.  Mag. 

7.00 

890 

305 

44 

12 

4.10 

2918 

8  x  57  JS 

8.00 

800 

235 

29 

9.25 

6.10 

3404 

8  x  60  S 

8.00 

792 

240 

30 

9.5 

6.00 

3300 

8  x  68  S 

8.00 

970 

280 

35 

11 

5.15 

3464 

9.3  x  62 

9.30 

720 

360 

39 

14.2 

4.65 

2000 

9.3  x  74  R 

9.30 

710 

360 

39 

14.2 

4.65 

1972 

10.75  x  68 

10.75 

680 

420 

39 

16.5 

4.60 

1619 

222  Rem. 

5.56 

975 

356 

64 

14 

2.80 

2739 

243  Win. 

6.00 

935 

254 

42 

10 

4.25 

3681 

270  Win. 

6.85 

960 

254 

37 

10 

4.85 

3780 

280  Rem. 

7.00 

860 

254 

36 

10 

4.95 

3386 

30-30  Win. 

7.62 

675 

305 

40 

12 

4.50 

2213 

30-06  (7.62  x  63) 

7.62 

825 

254 

33 

10 

5.40 

3248 

300  H  &  H  Mag. 

7.62 

890 

254 

33 

10 

5.40 

3504 

300  Weath.  Mag. 

7.62 

1060 

254 

33 

10 

5.40 

4173 

300  Win.  Mag. 

7.62 

935 

254 

33 

10 

5.40 

3681 

300  Savage 

7.70 

720 

305 

40 

12 

4.55 

2361 

303  British 

7.70 

665 

254 

33 

10 

5.45 

2618 

358  Win. 

8.90 

771 

305 

34 

12 

5.25 

2528 

375  H  &  H  Mag. 

9.30 

835 

305 

33 

12 

5.45 

2738 

458  Win.  Mag. 

11.43 

649 

356 

31 

14 

5.75 

1823 

460  Weath.  Mag. 

11.43 

770 

406 

36 

16 

5.05 

1897 
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A. 10  Ballistics  tables  (metric  system) 

A.10.1  Notes 

These  tables  use  mils  for  the  angle  of  both  the  angle  of  shot  and  the  angle  of 
descent.  360°  6400  mils 

At  the  small  angles  encountered  with  flat- trajectory  weapons,  1  mil  corresponds  to  1  mm  change 
in  altitude  per  metre  of  flight. 

The  ballistics  tables  are  valid  at  sea  level,  and  were  generated  using  k-ballistics  4 
software  (www.kneubuehl.com,  S.  Rothe). 


Abbreviations: 


X 

Range 

t 

Time  of  flight 

as 

Angle  of  shot 

Cw  : 

Deviation  with  a  cross-wind  of  10  m/s 

V 

Velocity 

ys  : 

Vertex  height 

E 

Energy 

x5  : 

Vertex  distance 

ED 

Energy  density 

ad  : 

Angle  of  descent 

A.10.2  Handguns 


6.35  Browning,  m  =  3.2  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mm2] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

245 

96 

3.03 

0.00 

0 

0 

0 

0.0 

10 

0.84 

241 

93 

2.94 

0.04 

0 

0 

5 

0.9 

20 

1.70 

238 

90 

2.86 

0.08 

1 

1 

10 

1.7 

30 

2.57 

234 

88 

2.77 

0.13 

3 

2 

15 

2.7 

40 

3.47 

231 

85 

2.69 

0.17 

5 

4 

20 

3.6 

50 

4.38 

227 

83 

2.61 

0.21 

8 

6 

25 

4.6 

60 

5.31 

224 

80 

2.53 

0.26 

11 

8 

30 

5.6 

70 

6.25 

221 

78 

2.46 

0.30 

16 

11 

36 

6.7 

80 

7.22 

218 

76 

2.39 

0.35 

20 

15 

41 

7.8 

90 

8.21 

214 

74 

2.32 

0.39 

26 

19 

46 

9.0 

100 

9.22 

211 

71 

2.25 

0.44 

32 

24 

51 

10.2 

110 

10.24 

208 

69 

2.19 

0.49 

39 

29 

57 

11.4 

120 

11.29 

205 

67 

2.12 

0.54 

47 

35 

62 

12.7 

130 

12.36 

202 

65 

2.06 

0.59 

55 

42 

67 

14.1 

140 

13.45 

199 

64 

2.00 

0.64 

64 

50 

72 

15.4 

150 

14.57 

196 

62 

1.95 

0.69 

74 

58 

78 

16.9 
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7. 62  x  25  Tokarev,  m  =  5.6  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

455 

580 

12.71 

0.00 

0 

0 

0 

0.0 

10 

0.25 

441 

544 

11.93 

0.02 

0 

0 

5 

0.3 

20 

0.50 

427 

510 

11.18 

0.05 

1 

0 

10 

0.5 

30 

0.77 

413 

478 

10.48 

0.07 

3 

1 

15 

0.8 

40 

1.05 

400 

448 

9.82 

0.09 

6 

1 

20 

1.2 

50 

1.35 

387 

420 

9.21 

0.12 

9 

2 

26 

1.5 

60 

1.65 

375 

394 

8.64 

0.15 

14 

3 

31 

1.9 

70 

1.97 

364 

371 

8.13 

0.17 

19 

4 

36 

2.3 

80 

2.31 

353 

350 

7.67 

0.20 

25 

5 

42 

2.7 

90 

2.66 

344 

331 

7.26 

0.23 

31 

6 

47 

3.2 

100 

3.02 

335 

315 

6.91 

0.26 

39 

8 

53 

3.7 

110 

3.40 

329 

302 

6.62 

0.29 

47 

10 

58 

4.2 

120 

3.79 

323 

292 

6.39 

0.32 

56 

13 

64 

4.8 

130 

4.20 

318 

283 

6.19 

0.35 

65 

15 

69 

5.4 

140 

4.62 

313 

274 

6.02 

0.38 

75 

18 

75 

6.0 

150 

5.05 

309 

267 

5.85 

0.41 

85 

21 

80 

6.6 

7. 65  Browning, 

m  = 

4.6  g 

X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

305 

219 

4.76 

0.00 

0 

0 

0 

0.0 

10 

0.54 

300 

212 

4.61 

0.03 

0 

0 

5 

0.6 

20 

1.10 

296 

205 

4.47 

0.07 

1 

1 

10 

1.1 

30 

1.66 

291 

199 

4.33 

0.10 

2 

1 

15 

1.7 

40 

2.24 

287 

194 

4.21 

0.14 

4 

2 

20 

2.3 

50 

2.83 

283 

188 

4.09 

0.17 

7 

4 

25 

3.0 

60 

3.43 

279 

183 

3.98 

0.21 

9 

5 

30 

3.6 

70 

4.04 

275 

178 

3.87 

0.24 

13 

7 

36 

4.3 

80 

4.67 

272 

173 

3.77 

0.28 

16 

10 

41 

5.0 

90 

5.30 

268 

169 

3.67 

0.32 

21 

12 

46 

5.8 

100 

5.95 

265 

164 

3.58 

0.35 

25 

15 

51 

6.5 

110 

6.61 

261 

160 

3.48 

0.39 

31 

19 

56 

7.3 

120 

7.28 

258 

156 

3.39 

0.43 

37 

23 

62 

8.1 

130 

7.97 

254 

152 

3.31 

0.47 

43 

27 

67 

9.0 

140 

8.66 

251 

148 

3.22 

0.51 

50 

32 

72 

9.8 

150 

9.37 

248 

144 

3.14 

0.55 

57 

37 

78 

10.7 

368  Appendix  A:  Tables 


9  mm  Makarov,  m  =  6.1  g 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

340 

353 

5.54 

0.00 

0 

0 

0 

0.0 

10 

0.44 

329 

331 

5.20 

0.03 

0 

0 

5 

0.5 

20 

0.90 

320 

313 

4.91 

0.06 

2 

1 

10 

0.9 

30 

1.38 

312 

297 

4.66 

0.09 

4 

1 

15 

1.5 

40 

1.88 

304 

283 

4.44 

0.12 

7 

2 

20 

2.0 

50 

2.39 

298 

270 

4.24 

0.16 

11 

3 

26 

2.6 

60 

2.92 

291 

259 

4.06 

0.19 

16 

5 

31 

3.2 

70 

3.47 

285 

248 

3.90 

0.23 

21 

6 

36 

3.9 

80 

4.03 

279 

238 

3.74 

0.26 

27 

8 

41 

4.6 

90 

4.61 

274 

229 

3.60 

0.30 

34 

11 

47 

5.3 

100 

5.21 

269 

220 

3.46 

0.34 

41 

14 

52 

6.1 

110 

5.82 

264 

212 

3.33 

0.37 

49 

17 

57 

6.9 

120 

6.46 

259 

204 

3.21 

0.41 

58 

21 

63 

7.7 

130 

7.11 

254 

197 

3.10 

0.45 

68 

25 

68 

8.6 

140 

7.77 

250 

190 

2.99 

0.49 

78 

30 

74 

9.5 

150 

8.46 

245 

183 

2.88 

0.53 

89 

35 

79 

10.4 

9  mm  Luger  FMJ  RN, 

m  = 

8.0  g 

X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

350 

490 

7.70 

0.00 

0 

0 

0 

0.0 

10 

0.42 

341 

465 

7.31 

0.03 

0 

0 

5 

0.4 

20 

0.84 

333 

444 

6.98 

0.06 

1 

0 

10 

0.9 

30 

1.29 

327 

427 

6.72 

0.09 

3 

1 

15 

1.3 

40 

1.74 

321 

413 

6.50 

0.12 

6 

2 

20 

1.8 

50 

2.21 

317 

401 

6.30 

0.15 

8 

3 

25 

2.4 

60 

2.69 

312 

390 

6.13 

0.18 

12 

4 

31 

2.9 

70 

3.17 

308 

380 

5.97 

0.22 

15 

6 

36 

3.4 

80 

3.67 

304 

370 

5.82 

0.25 

19 

8 

41 

4.0 

90 

4.18 

301 

362 

5.69 

0.28 

24 

10 

46 

4.6 

100 

4.69 

297 

353 

5.55 

0.31 

29 

12 

51 

5.2 

110 

5.22 

294 

345 

5.43 

0.35 

34 

15 

57 

5.8 

120 

5.75 

291 

338 

5.31 

0.38 

40 

18 

62 

6.5 

130 

6.29 

287 

331 

5.20 

0.42 

46 

21 

67 

7.1 

140 

6.84 

284 

323 

5.08 

0.45 

52 

25 

72 

7.8 

150 

7.41 

281 

317 

4.98 

0.49 

59 

29 

77 

8.5 
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38  Spl.  LRN,  m  =  10.2  g 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

265 

360 

5.65 

0.00 

0 

0 

0 

0.0 

10 

0.72 

262 

351 

5.51 

0.04 

0 

0 

5 

0.7 

20 

1.45 

259 

343 

5.38 

0.08 

1 

1 

10 

1.5 

30 

2.19 

256 

334 

5.26 

0.12 

2 

2 

15 

2.2 

40 

2.94 

253 

327 

5.14 

0.15 

4 

3 

20 

3.0 

50 

3.70 

250 

319 

5.02 

0.19 

6 

5 

25 

3.9 

60 

4.48 

247 

312 

4.90 

0.23 

8 

7 

30 

4.7 

70 

5.27 

244 

305 

4.79 

0.28 

11 

9 

35 

5.6 

80 

6.07 

241 

298 

4.68 

0.32 

15 

12 

41 

6.5 

90 

6.89 

239 

291 

4.58 

0.36 

19 

16 

46 

7.4 

100 

7.71 

236 

285 

4.48 

0.40 

23 

20 

51 

8.3 

110 

8.55 

233 

278 

4.38 

0.44 

28 

24 

56 

9.3 

120 

9.41 

231 

272 

4.28 

0.49 

34 

29 

61 

10.3 

130 

10.27 

228 

266 

4.18 

0.53 

39 

34 

67 

11.3 

140 

11.15 

225 

260 

4.09 

0.57 

46 

40 

72 

12.4 

150 

12.04 

223 

254 

4.00 

0.62 

53 

47 

77 

13.5 

357  Magnum  SJHP,  m  =  8  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

425 

723 

11.36 

0.00 

0 

0 

0 

0.0 

10 

0.28 

412 

677 

10.64 

0.02 

0 

0 

5 

0.3 

20 

0.58 

399 

636 

10.00 

0.05 

2 

0 

10 

0.6 

30 

0.89 

387 

600 

9.43 

0.07 

3 

1 

15 

0.9 

40 

1.21 

377 

568 

8.93 

0.10 

6 

1 

20 

1.3 

50 

1.54 

367 

540 

8.48 

0.13 

10 

2 

26 

1.7 

60 

1.88 

359 

515 

8.09 

0.15 

14 

3 

31 

2.1 

70 

2.24 

351 

492 

7.73 

0.18 

18 

4 

36 

2.5 

80 

2.61 

343 

472 

7.41 

0.21 

24 

6 

41 

3.0 

90 

2.99 

337 

453 

7.13 

0.24 

29 

7 

47 

3.5 

100 

3.39 

331 

437 

6.87 

0.27 

36 

9 

52 

4.0 

110 

3.79 

325 

422 

6.63 

0.30 

43 

11 

58 

4.5 

120 

4.21 

320 

408 

6.42 

0.33 

50 

14 

63 

5.1 

130 

4.64 

315 

396 

6.22 

0.36 

58 

16 

68 

5.6 

140 

5.07 

310 

384 

6.03 

0.40 

67 

19 

74 

6.2 

150 

5.52 

305 

373 

5.86 

0.43 

76 

23 

79 

6.8 
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40S&W  SJHP,  m  =  10.0  g 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

350 

613 

7.57 

0.00 

0 

0 

0 

0.0 

10 

0.41 

342 

584 

7.22 

0.03 

0 

0 

5 

0.4 

20 

0.84 

334 

558 

6.90 

0.06 

1 

0 

10 

0.9 

30 

1.28 

327 

536 

6.62 

0.09 

3 

1 

15 

1.3 

40 

1.74 

321 

515 

6.37 

0.12 

5 

2 

20 

1.8 

50 

2.20 

315 

497 

6.14 

0.15 

8 

3 

25 

2.4 

60 

2.68 

310 

480 

5.93 

0.18 

12 

4 

31 

2.9 

70 

3.17 

305 

464 

5.74 

0.22 

16 

6 

36 

3.5 

80 

3.67 

300 

450 

5.56 

0.25 

20 

8 

41 

4.1 

90 

4.19 

296 

437 

5.40 

0.28 

25 

10 

46 

4.7 

100 

4.71 

291 

424 

5.24 

0.32 

31 

12 

52 

5.3 

110 

5.25 

287 

412 

5.09 

0.35 

37 

15 

57 

6.0 

120 

5.80 

283 

401 

4.95 

0.39 

43 

18 

62 

6.7 

130 

6.36 

279 

390 

4.82 

0.42 

50 

22 

67 

7.4 

140 

6.93 

276 

380 

4.69 

0.46 

58 

26 

73 

8.1 

150 

7.51 

272 

370 

4.57 

0.49 

66 

30 

78 

8.8 

44  Rem.  Mag., 

SJHP,  m  = 

15.6  g 

X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

450 

1574 

15.98 

0.00 

0 

0 

0 

0.0 

10 

0.25 

439 

1500 

15.23 

0.02 

0 

0 

5 

0.3 

20 

0.51 

429 

1430 

14.51 

0.05 

1 

0 

10 

0.5 

30 

0.78 

419 

1363 

13.83 

0.07 

2 

1 

15 

0.8 

40 

1.05 

409 

1300 

13.19 

0.09 

4 

1 

20 

1.1 

50 

1.34 

399 

1240 

12.59 

0.12 

7 

2 

26 

1.4 

60 

1.63 

390 

1184 

12.02 

0.14 

10 

3 

31 

1.8 

70 

1.94 

381 

1131 

11.48 

0.17 

14 

4 

36 

2.2 

80 

2.25 

373 

1082 

10.98 

0.20 

18 

5 

41 

2.6 

90 

2.58 

365 

1036 

10.51 

0.22 

23 

6 

47 

3.0 

100 

2.91 

358 

994 

10.09 

0.25 

28 

8 

52 

3.4 

110 

3.25 

351 

955 

9.70 

0.28 

34 

10 

57 

3.8 

120 

3.61 

344 

920 

9.34 

0.31 

41 

12 

63 

4.3 

130 

3.97 

338 

887 

9.01 

0.34 

48 

14 

68 

4.8 

140 

4.35 

332 

858 

8.71 

0.37 

56 

17 

74 

5.3 

150 

4.74 

327 

831 

8.43 

0.40 

64 

19 

79 

5.9 
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45  Auto  FMJ  RN,  m  =  14.9  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

245 

447 

4.34 

0.00 

0 

0 

0 

0.0 

10 

0.84 

243 

440 

4.27 

0.04 

0 

0 

5 

0.8 

20 

1.68 

241 

433 

4.21 

0.08 

1 

1 

10 

1.7 

30 

2.54 

239 

427 

4.14 

0.12 

1 

2 

15 

2.6 

40 

3.40 

237 

420 

4.08 

0.17 

3 

3 

20 

3.5 

50 

4.27 

236 

413 

4.01 

0.21 

4 

5 

25 

4.4 

60 

5.15 

234 

407 

3.95 

0.25 

6 

8 

30 

5.3 

70 

6.05 

232 

401 

3.89 

0.29 

8 

11 

35 

6.3 

80 

6.95 

230 

394 

3.83 

0.34 

11 

14 

40 

7.2 

90 

7.86 

228 

388 

3.77 

0.38 

13 

18 

46 

8.2 

100 

8.78 

227 

382 

3.71 

0.42 

17 

22 

51 

9.2 

110 

9.70 

225 

377 

3.66 

0.47 

20 

27 

56 

10.3 

120 

10.64 

223 

371 

3.60 

0.51 

24 

32 

61 

11.3 

130 

11.59 

221 

365 

3.55 

0.56 

28 

38 

66 

12.4 

140 

12.55 

220 

359 

3.49 

0.60 

33 

45 

71 

13.5 

150 

13.52 

218 

354 

3.44 

0.65 

37 

52 

76 

14.6 

Flintlock  pistol, 

13.5  mm,  m 

=  14.5  g 

X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

M 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

385 

1075 

7.51 

0.00 

0 

0 

0 

0.0 

10 

0.35 

364 

962 

6.72 

0.03 

1 

0 

5 

0.4 

20 

0.73 

346 

866 

6.05 

0.05 

3 

0 

10 

0.8 

30 

1.13 

329 

785 

5.48 

0.08 

7 

1 

15 

1.3 

40 

1.56 

314 

716 

5.00 

0.12 

12 

2 

21 

1.8 

50 

2.03 

301 

656 

4.58 

0.15 

18 

3 

26 

2.4 

60 

2.52 

289 

605 

4.23 

0.18 

26 

4 

31 

3.0 

70 

3.04 

278 

560 

3.91 

0.22 

36 

6 

37 

3.8 

80 

3.60 

268 

521 

3.64 

0.25 

46 

8 

43 

4.6 

90 

4.18 

259 

486 

3.39 

0.29 

58 

11 

48 

5.4 

100 

4.80 

250 

455 

3.18 

0.33 

72 

14 

54 

6.3 

110 

5.45 

243 

427 

2.98 

0.37 

86 

17 

59 

7.3 

120 

6.13 

235 

402 

2.81 

0.41 

102 

21 

65 

8.4 

130 

6.85 

229 

379 

2.65 

0.46 

119 

26 

71 

9.5 

140 

7.60 

222 

358 

2.50 

0.50 

138 

31 

77 

10.8 

150 

8.38 

216 

338 

2.36 

0.55 

157 

37 

82 

12.1 
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A.10.3  Rifles 


5.45  x  39  AK-74,  m  =  3.45  g 


X 

[m] 

as 

[Mil] 

V 

[m/s] 

E 

[J] 

ED 

[J/mnr] 

t 

[S] 

Cw 

[cm] 

y* 

[cm] 

xs 

[m] 

ad 

[Mil] 

0 

0.00 

910 

1429 

61.2 

0.00 

0 

0 

0 

0.0 

20 

0.12 

889 

1363 

58.4 

0.02 

0 

0 

10 

0.1 

40 

0.25 

868 

1300 

55.7 

0.05 

1 

0 

20 

0.3 

60 

0.38 

848 

1239 

53.1 

0.07 

2 

1 

30 

0.4 

80 

0.51 

828 

1181 

50.6 

0.09 

4 

1 

41 

0.5 

100 

0.65 

808 

1126 

48.3 

0.12 

7 

2 

51 

0.7 

120 

0.80 

788 

1072 

46.0 

0.14 

10 

3 

61 

0.9 

140 

0.95 

769 

1021 

43.8 

0.17 

14 

3 

72 

1.1 

160 

1.10 

751 

972 

41.7 

0.19 

18 

5 

83 

1.3 

180 

1.26 

732 

925 

39.7 

0.22 

23 

6 

93 

1.5 

200 

1.42 

714 

880 

37.7 

0.25 

29 

8 

104 

1.7 

220 

1.59 

697 

837 

35.9 

0.28 

35 

9 

115 

1.9 

240 

1.77 

679 

796 

34.1 

0.31 

42 

12 

126 

2.1 

260 

1.95 

662 

756 

32.4 

0.34 

50 

14 

137 

2.4 

280 

2.14 

645 

718 

30.8 

0.37 

59 

17 

148 

2.7 

300 

2.34 

628 

681 

29.2 

0.40 

68 

20 

160 

3.0 

5.56  x  45  M  193  (SS  92),  m  =  3.56  g 


X 

[m] 

as 

[Mil] 

V 

[m/s] 

E 

[J] 

ED 

[J/mnr] 

t 

[S] 

Cw 

[cm] 

ys 

[cm] 

xs 

[m] 

ad 

[Mil] 

0 

0.00 

960 

1640 

67.6 

0.00 

0 

0 

0 

0.0 

20 

0.11 

933 

1550 

63.9 

0.02 

0 

0 

10 

0.1 

40 

0.23 

907 

1464 

60.3 

0.04 

1 

0 

20 

0.2 

60 

0.34 

881 

1383 

57.0 

0.07 

3 

1 

30 

0.4 

80 

0.47 

856 

1305 

53.7 

0.09 

5 

1 

41 

0.5 

100 

0.60 

832 

1231 

50.7 

0.11 

8 

2 

51 

0.7 

120 

0.73 

807 

1160 

47.8 

0.14 

11 

2 

62 

0.8 

140 

0.87 

784 

1093 

45.0 

0.16 

16 

3 

72 

1.0 

160 

1.02 

760 

1029 

42.4 

0.19 

21 

4 

83 

1.2 

180 

1.17 

738 

969 

39.9 

0.21 

27 

6 

94 

1.4 

200 

1.33 

715 

911 

37.5 

0.24 

33 

7 

105 

1.6 

220 

1.49 

693 

856 

35.3 

0.27 

41 

9 

116 

1.9 

240 

1.66 

672 

804 

33.1 

0.30 

49 

11 

128 

2.1 

260 

1.84 

651 

754 

31.1 

0.33 

59 

13 

139 

2.4 

280 

2.03 

630 

707 

29.1 

0.36 

69 

16 

151 

2.7 

300 

2.23 

610 

661 

27.2 

0.39 

81 

19 

162 

3.0 

A. 10  Ballistics  tables  (metric  system)  373 


5.56  x  45  SS  109  (M  855),  m  =  4.0  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

920 

1693 

69.7 

0.00 

0 

0 

0 

0.0 

20 

0.12 

900 

1619 

66.7 

0.02 

0 

0 

10 

0.1 

40 

0.24 

880 

1548 

63.8 

0.04 

1 

0 

20 

0.3 

60 

0.37 

860 

1480 

60.9 

0.07 

2 

1 

30 

0.4 

BO 

0.50 

841 

1414 

58.2 

0.09 

4 

1 

41 

0.5 

100 

0.64 

822 

1350 

55.6 

0.12 

6 

2 

51 

0.7 

120 

0.78 

803 

1289 

53.1 

0.14 

9 

2 

61 

0.8 

140 

0.92 

784 

1230 

50.7 

0.16 

13 

3 

72 

1.0 

160 

1.07 

766 

1173 

48.3 

0.19 

17 

5 

83 

1.2 

180 

1.22 

748 

1118 

46.1 

0.22 

22 

6 

93 

1.4 

200 

1.38 

730 

1065 

43.9 

0.24 

27 

7 

104 

1.6 

220 

1.54 

712 

1014 

41.8 

0.27 

33 

9 

115 

1.8 

240 

1.71 

694 

964 

39.7 

0.30 

40 

11 

126 

2.1 

260 

1.89 

677 

917 

37.8 

0.33 

47 

13 

137 

2.3 

280 

2.07 

660 

871 

35.9 

0.36 

55 

16 

148 

2.6 

300 

2.26 

643 

826 

34.0 

0.39 

64 

19 

159 

2.9 

6  mm  BR  Norma,  m  =  6.9  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

860 

2552 

90.3 

0.00 

0 

0 

0 

0.0 

20 

0.14 

849 

2489 

88.0 

0.02 

0 

0 

10 

0.1 

40 

0.28 

839 

2427 

85.8 

0.05 

1 

0 

20 

0.3 

60 

0.42 

828 

2366 

83.7 

0.07 

1 

1 

30 

0.4 

80 

0.56 

818 

2307 

81.6 

0.10 

2 

1 

40 

0.6 

100 

0.70 

807 

2249 

79.5 

0.12 

4 

2 

51 

0.7 

120 

0.85 

797 

2192 

77.5 

0.14 

5 

3 

61 

0.9 

140 

1.00 

787 

2137 

75.6 

0.17 

7 

4 

71 

1.1 

160 

1.16 

777 

2082 

73.6 

0.20 

10 

5 

81 

1.2 

180 

1.31 

767 

2029 

71.8 

0.22 

12 

6 

92 

1.4 

200 

1.47 

757 

1976 

69.9 

0.25 

15 

8 

102 

1.6 

220 

1.63 

747 

1925 

68.1 

0.27 

19 

9 

113 

1.8 

240 

1.80 

737 

1875 

66.3 

0.30 

22 

11 

123 

2.0 

260 

1.97 

728 

1826 

64.6 

0.33 

27 

13 

134 

2.2 

280 

2.14 

718 

1778 

62.9 

0.36 

31 

16 

144 

2.4 

300 

2.31 

708 

1731 

61.2 

0.38 

36 

18 

155 

2.6 

374  Appendix  A:  Tables 


7  x  64  partition,  m  =  11.2  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

810 

3674 

95.5 

0.00 

0 

0 

0 

0.0 

20 

0.15 

794 

3526 

91.6 

0.02 

0 

0 

10 

0.2 

40 

0.31 

777 

3384 

87.9 

0.05 

1 

0 

20 

0.3 

60 

0.48 

761 

3245 

84.3 

0.08 

2 

1 

30 

0.5 

BO 

0.64 

746 

3112 

80.9 

0.10 

4 

1 

41 

0.7 

100 

0.82 

730 

2983 

77.5 

0.13 

7 

2 

51 

0.9 

120 

0.99 

714 

2858 

74.3 

0.16 

10 

3 

61 

1.1 

140 

1.18 

699 

2738 

71.1 

0.19 

13 

4 

72 

1.3 

160 

1.37 

684 

2621 

68.1 

0.22 

18 

6 

82 

1.5 

180 

1.56 

669 

2509 

65.2 

0.24 

22 

7 

93 

1.8 

200 

1.76 

655 

2401 

62.4 

0.27 

28 

9 

104 

2.0 

220 

1.96 

640 

2296 

59.7 

0.31 

34 

12 

114 

2.3 

240 

2.18 

626 

2195 

57.0 

0.34 

41 

14 

125 

2.6 

260 

2.40 

612 

2098 

54.5 

0.37 

49 

17 

136 

2.9 

280 

2.62 

598 

2004 

52.1 

0.40 

57 

20 

147 

3.2 

300 

2.85 

585 

1914 

49.7 

0.44 

66 

23 

159 

3.5 

7  mm  Rem.  Mag.  spire  point,  m  =  9.0  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

945 

4019 

104.4 

0.00 

0 

0 

0 

0.0 

20 

0.11 

928 

3876 

100.7 

0.02 

0 

0 

10 

0.1 

40 

0.23 

911 

3738 

97.1 

0.04 

1 

0 

20 

0.2 

60 

0.35 

895 

3604 

93.7 

0.07 

2 

1 

30 

0.4 

80 

0.47 

879 

3474 

90.3 

0.09 

3 

1 

40 

0.5 

100 

0.60 

863 

3348 

87.0 

0.11 

5 

2 

51 

0.6 

120 

0.72 

847 

3225 

83.8 

0.13 

7 

2 

61 

0.8 

140 

0.85 

831 

3106 

80.7 

0.16 

10 

3 

72 

0.9 

160 

0.99 

815 

2990 

77.7 

0.18 

13 

4 

82 

1.1 

180 

1.13 

800 

2879 

74.8 

0.21 

17 

5 

93 

1.3 

200 

1.27 

785 

2770 

72.0 

0.23 

21 

7 

103 

1.4 

220 

1.41 

770 

2665 

69.3 

0.26 

25 

8 

114 

1.6 

240 

1.56 

755 

2563 

66.6 

0.28 

30 

10 

125 

1.8 

260 

1.72 

740 

2465 

64.0 

0.31 

36 

12 

136 

2.0 

280 

1.87 

726 

2369 

61.6 

0.34 

42 

14 

146 

2.2 

300 

2.04 

711 

2276 

59.2 

0.37 

49 

17 

157 

2.5 

A. 10  Ballistics  tables  (metric  system)  375 


7.5  x  55  Swiss  (GP11),  m  =  11.3  g 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

750 

3178 

71.9 

0.00 

0 

0 

0 

0.0 

20 

0.18 

739 

3088 

69.9 

0.03 

0 

0 

10 

0.2 

40 

0.36 

729 

3001 

67.9 

0.05 

1 

0 

20 

0.4 

60 

0.55 

718 

2916 

66.0 

0.08 

2 

1 

30 

0.6 

BO 

0.74 

708 

2833 

64.1 

0.11 

3 

2 

40 

0.8 

100 

0.93 

698 

2751 

62.3 

0.14 

5 

2 

51 

1.0 

120 

1.13 

688 

2672 

60.5 

0.17 

7 

3 

61 

1.2 

140 

1.33 

678 

2595 

58.7 

0.20 

10 

5 

71 

1.4 

160 

1.54 

668 

2519 

57.0 

0.23 

13 

6 

82 

1.7 

180 

1.75 

658 

2445 

55.3 

0.26 

16 

8 

92 

1.9 

200 

1.96 

648 

2373 

53.7 

0.29 

20 

10 

102 

2.2 

220 

2.18 

638 

2302 

52.1 

0.32 

25 

12 

113 

2.4 

240 

2.40 

629 

2233 

50.5 

0.35 

30 

15 

124 

2.7 

260 

2.63 

619 

2165 

49.0 

0.38 

35 

18 

134 

3.0 

2B0 

2.86 

610 

2099 

47.5 

0.41 

41 

21 

145 

3.3 

300 

3.10 

600 

2035 

46.1 

0.45 

47 

25 

156 

3.6 

7.62  x  39  AK-47  (Kalashnikov),  m  =  8.0  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

710 

2016 

44.2 

0.00 

0 

0 

0 

0.0 

20 

0.20 

688 

1893 

41.5 

0.03 

0 

0 

10 

0.2 

40 

0.41 

666 

1774 

38.9 

0.06 

2 

0 

20 

0.4 

60 

0.63 

645 

1662 

36.5 

0.09 

4 

1 

30 

0.7 

80 

0.87 

624 

1555 

34.1 

0.12 

8 

2 

41 

0.9 

100 

1.11 

603 

1454 

31.9 

0.15 

12 

3 

51 

1.2 

120 

1.36 

583 

1358 

29.8 

0.19 

18 

4 

62 

1.5 

140 

1.62 

563 

1266 

27.8 

0.22 

24 

6 

73 

1.9 

160 

1.90 

543 

1180 

25.9 

0.26 

32 

8 

84 

2.3 

180 

2.19 

524 

1099 

24.1 

0.30 

42 

11 

95 

2.7 

200 

2.50 

505 

1022 

22.4 

0.33 

52 

14 

106 

3.1 

220 

2.82 

487 

949 

20.8 

0.37 

65 

17 

117 

3.6 

240 

3.16 

469 

881 

19.3 

0.42 

78 

21 

129 

4.2 

260 

3.51 

452 

817 

17.9 

0.46 

94 

26 

141 

4.7 

280 

3.89 

435 

756 

16.6 

0.50 

111 

31 

152 

5.4 

300 

4.28 

418 

700 

15.3 

0.55 

129 

38 

164 

6.1 

376  Appendix  A:  Tables 


7.62  mm  NATO  (308  Win.),  m  =  9.5  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

830 

3272 

71.8 

0.00 

0 

0 

0 

0.0 

20 

0.15 

815 

3153 

69.1 

0.02 

0 

0 

10 

0.1 

40 

0.30 

800 

3037 

66.6 

0.05 

1 

0 

20 

0.3 

60 

0.45 

785 

2925 

64.2 

0.07 

2 

1 

30 

0.5 

BO 

0.61 

770 

2817 

61.8 

0.10 

4 

1 

41 

0.6 

100 

0.77 

756 

2711 

59.5 

0.13 

6 

2 

51 

0.8 

120 

0.94 

741 

2609 

57.2 

0.15 

8 

3 

61 

1.0 

140 

1.11 

727 

2509 

55.0 

0.18 

12 

4 

72 

1.2 

160 

1.29 

713 

2412 

52.9 

0.21 

15 

5 

82 

1.4 

180 

1.47 

699 

2319 

50.9 

0.24 

20 

7 

93 

1.6 

200 

1.65 

685 

2228 

48.9 

0.27 

24 

9 

103 

1.9 

220 

1.84 

671 

2140 

46.9 

0.29 

30 

11 

114 

2.1 

240 

2.04 

658 

2055 

45.1 

0.33 

36 

13 

125 

2.4 

260 

2.24 

644 

1972 

43.2 

0.36 

42 

16 

136 

2.6 

2B0 

2.44 

631 

1891 

41.5 

0.39 

50 

18 

147 

2.9 

300 

2.66 

618 

1813 

39.8 

0.42 

58 

22 

158 

3.2 

300  Win.  Mag.  Sierra  MK,  m  =  12.3  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

880 

4763 

104.4 

0.00 

0 

0 

0 

0.0 

20 

0.13 

869 

4643 

101.8 

0.02 

0 

0 

10 

0.1 

40 

0.26 

858 

4525 

99.2 

0.05 

1 

0 

20 

0.3 

60 

0.40 

847 

4409 

96.7 

0.07 

1 

1 

30 

0.4 

80 

0.53 

836 

4296 

94.2 

0.09 

2 

1 

40 

0.6 

100 

0.67 

825 

4185 

91.8 

0.12 

4 

2 

51 

0.7 

120 

0.82 

814 

4077 

89.4 

0.14 

5 

3 

61 

0.9 

140 

0.96 

804 

3970 

87.1 

0.17 

7 

3 

71 

1.0 

160 

1.11 

793 

3866 

84.8 

0.19 

10 

5 

81 

1.2 

180 

1.26 

782 

3763 

82.5 

0.22 

12 

6 

92 

1.4 

200 

1.41 

772 

3663 

80.3 

0.24 

15 

7 

102 

1.5 

220 

1.56 

761 

3565 

78.2 

0.27 

19 

9 

113 

1.7 

240 

1.72 

751 

3469 

76.1 

0.30 

23 

11 

123 

1.9 

260 

1.88 

741 

3375 

74.0 

0.32 

27 

13 

134 

2.1 

280 

2.05 

731 

3282 

72.0 

0.35 

31 

15 

144 

2.3 

300 

2.21 

721 

3192 

70.0 

0.38 

36 

17 

155 

2.5 

A. 10  Ballistics  tables  (metric  system)  377 


8  x  68  S  FMJ  RN,  m  =  14.25  g 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

870 

5393 

107.3 

0.00 

0 

0 

0 

0.0 

20 

0.13 

856 

5217 

103.8 

0.02 

0 

0 

10 

0.1 

40 

0.27 

842 

5047 

100.4 

0.05 

1 

0 

20 

0.3 

60 

0.41 

828 

4881 

97.1 

0.07 

2 

1 

30 

0.4 

BO 

0.55 

814 

4719 

93.9 

0.10 

3 

1 

40 

0.6 

100 

0.70 

800 

4561 

90.7 

0.12 

5 

2 

51 

0.7 

120 

0.85 

787 

4408 

87.7 

0.15 

7 

3 

61 

0.9 

140 

1.00 

773 

4259 

84.7 

0.17 

10 

4 

71 

1.1 

160 

1.16 

760 

4114 

81.8 

0.20 

13 

5 

82 

1.3 

180 

1.32 

747 

3973 

79.0 

0.22 

17 

6 

92 

1.5 

200 

1.48 

734 

3836 

76.3 

0.25 

21 

8 

103 

1.7 

220 

1.65 

721 

3702 

73.7 

0.28 

25 

10 

114 

1.9 

240 

1.82 

708 

3573 

71.1 

0.31 

30 

12 

124 

2.1 

260 

2.00 

696 

3447 

68.6 

0.33 

36 

14 

135 

2.3 

2B0 

2.18 

683 

3325 

66.2 

0.36 

42 

16 

146 

2.6 

300 

2.36 

671 

3207 

63.8 

0.39 

48 

19 

157 

2.8 

9.3  x  62  TC,  m  =  16.0  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

800 

5120 

75.37 

0.00 

0 

0 

0 

0.0 

20 

0.16 

781 

4879 

71.86 

0.03 

0 

0 

10 

0.2 

40 

0.32 

763 

4648 

68.49 

0.05 

1 

0 

20 

0.3 

60 

0.49 

744 

4426 

65.24 

0.08 

3 

1 

30 

0.5 

80 

0.67 

726 

4214 

62.12 

0.10 

5 

1 

41 

0.7 

100 

0.85 

709 

4010 

59.12 

0.13 

8 

2 

51 

0.9 

120 

1.03 

691 

3815 

56.23 

0.16 

11 

3 

62 

1.1 

140 

1.23 

674 

3628 

53.46 

0.19 

16 

5 

72 

1.4 

160 

1.43 

657 

3449 

50.81 

0.22 

21 

6 

83 

1.6 

180 

1.63 

640 

3278 

48.26 

0.25 

27 

8 

93 

1.9 

200 

1.85 

624 

3113 

45.82 

0.28 

33 

10 

104 

2.2 

220 

2.07 

608 

2956 

43.47 

0.32 

41 

12 

115 

2.5 

240 

2.30 

592 

2804 

41.23 

0.35 

49 

15 

126 

2.8 

260 

2.54 

576 

2660 

39.08 

0.38 

59 

18 

138 

3.2 

280 

2.79 

561 

2521 

37.02 

0.42 

69 

22 

149 

3.5 

300 

3.04 

546 

2388 

35.05 

0.45 

80 

26 

160 

3.9 

378  Appendix  A:  Tables 


338  Win.  Mag.  jacketed  spitzer,  m  =  16.2  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

810 

5314 

95.9 

0.00 

0 

0 

0 

0.0 

20 

0.15 

800 

5179 

93.5 

0.02 

0 

0 

10 

0.2 

40 

0.31 

789 

5046 

91.1 

0.05 

1 

0 

20 

0.3 

60 

0.47 

779 

4916 

88.7 

0.08 

1 

1 

30 

0.5 

80 

0.63 

769 

4789 

86.4 

0.10 

3 

1 

40 

0.7 

100 

0.80 

759 

4665 

84.2 

0.13 

4 

2 

51 

0.8 

120 

0.96 

749 

4543 

82.0 

0.15 

6 

3 

61 

1.0 

140 

1.13 

739 

4424 

79.8 

0.18 

8 

4 

71 

1.2 

160 

1.31 

729 

4307 

77.7 

0.21 

11 

5 

81 

1.4 

180 

1.48 

719 

4192 

75.6 

0.24 

14 

7 

92 

1.6 

200 

1.66 

710 

4081 

73.6 

0.26 

17 

9 

102 

1.8 

220 

1.85 

700 

3971 

71.6 

0.29 

21 

11 

113 

2.0 

240 

2.03 

691 

3864 

69.7 

0.32 

25 

13 

123 

2.3 

260 

2.22 

681 

3759 

67.8 

0.35 

29 

15 

134 

2.5 

280 

2.42 

672 

3657 

66.0 

0.38 

34 

18 

144 

2.7 

300 

2.62 

663 

3557 

64.2 

0.41 

39 

21 

155 

3.0 

12.7  x  99  jacketed  spitzer,  m  =  42  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

890 

16634 

131.3 

0.00 

0 

0 

0 

0.0 

50 

0.32 

866 

15731 

124.2 

0.06 

1 

0 

25 

0.3 

100 

0.66 

842 

14872 

117.4 

0.12 

3 

2 

50 

0.7 

150 

1.00 

818 

14053 

110.9 

0.18 

7 

4 

76 

1.1 

200 

1.36 

795 

13271 

104.8 

0.24 

13 

7 

102 

1.5 

250 

1.74 

772 

12525 

98.9 

0.30 

21 

11 

128 

1.9 

300 

2.12 

750 

11813 

93.3 

0.37 

30 

17 

154 

2.4 

350 

2.53 

728 

11133 

87.9 

0.44 

42 

23 

181 

2.9 

400 

2.95 

707 

10483 

82.8 

0.50 

55 

31 

208 

3.4 

450 

3.39 

685 

9862 

77.9 

0.58 

71 

41 

235 

4.0 

500 

3.85 

664 

9264 

73.1 

0.65 

89 

52 

263 

4.7 

550 

4.32 

643 

8690 

68.6 

0.73 

109 

65 

291 

5.4 

600 

4.82 

623 

8139 

64.3 

0.81 

132 

80 

319 

6.1 

650 

5.34 

602 

7610 

60.1 

0.89 

158 

97 

348 

6.9 

700 

5.89 

582 

7102 

56.1 

0.97 

186 

117 

377 

7.8 

750 

6.46 

561 

6615 

52.2 

1.06 

217 

139 

406 

00 

oo 

800 

7.06 

541 

6149 

48.5 

1.15 

252 

163 

436 

9.8 
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A.10.4  Old  rifles 


Flintlock  rifle,  18th  century,  16.6  mm,  m  =  26.7  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mm2] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

455 

2764 

12.8 

0.00 

0 

0 

0 

0.0 

20 

0.52 

411 

2258 

10.4 

0.05 

2 

0 

10 

0.6 

40 

1.11 

374 

1865 

8.6 

0.10 

9 

1 

21 

1.3 

60 

1.78 

343 

1567 

7.2 

0.15 

21 

3 

31 

2.2 

80 

2.55 

317 

1340 

6.2 

0.21 

38 

6 

43 

3.2 

100 

3.40 

295 

1164 

5.4 

0.28 

60 

10 

54 

4.5 

120 

4.36 

277 

1024 

4.7 

0.35 

86 

15 

65 

6.0 

140 

5.41 

261 

911 

4.2 

0.42 

116 

22 

77 

7.7 

160 

6.56 

247 

817 

3.8 

0.50 

151 

31 

89 

9.7 

180 

7.83 

235 

739 

3.4 

0.59 

190 

43 

100 

11.8 

200 

9.20 

224 

671 

3.1 

0.67 

233 

56 

112 

14.3 

220 

10.68 

214 

613 

2.8 

0.76 

280 

73 

124 

16.9 

240 

12.28 

205 

561 

2.6 

0.86 

332 

92 

136 

19.9 

260 

13.99 

197 

516 

2.4 

0.96 

388 

115 

149 

23.1 

280 

15.84 

189 

475 

2.2 

1.06 

448 

141 

161 

26.7 

300 

17.81 

181 

438 

2.0 

1.17 

512 

172 

173 

30.6 

Percussion  rifle,  mid-19th-century,  11.5  mm,  m  =33  g 


X 

as 

V 

E 

ED 

t 

Cw 

Ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mm2] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

410 

2774 

26.7 

0.00 

0 

0 

0 

0.0 

20 

0.61 

399 

2629 

25.3 

0.05 

1 

0 

10 

0.6 

40 

1.23 

389 

2495 

24.0 

0.10 

3 

1 

20 

1.3 

60 

1.88 

379 

2372 

22.8 

0.15 

6 

3 

30 

2.0 

80 

2.55 

370 

2260 

21.8 

0.21 

11 

5 

41 

2.7 

100 

3.25 

362 

2157 

20.8 

0.26 

17 

8 

51 

3.5 

120 

3.97 

354 

2063 

19.9 

0.32 

24 

12 

62 

4.4 

140 

4.71 

346 

1978 

19.0 

0.37 

32 

17 

72 

5.3 

160 

5.47 

339 

1900 

18.3 

0.43 

42 

23 

83 

6.2 

180 

6.26 

333 

1830 

17.6 

0.49 

52 

30 

93 

7.2 

200 

7.07 

327 

1767 

17.0 

0.55 

64 

37 

104 

8.2 

220 

7.90 

322 

1709 

16.5 

0.61 

77 

46 

115 

9.3 

240 

8.75 

317 

1656 

15.9 

0.68 

91 

56 

125 

10.4 

260 

9.63 

312 

1607 

15.5 

0.74 

106 

67 

136 

11.5 

280 

10.53 

308 

1561 

15.0 

0.80 

122 

80 

147 

12.7 

300 

11.45 

303 

1519 

14.6 

0.87 

138 

93 

158 

13.9 
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45-70  U.S.  Government,  m  =  26.2  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

390 

1993 

19.42 

0.00 

0 

0 

0 

0.0 

20 

0.67 

380 

1891 

18.43 

0.05 

1 

0 

10 

0.7 

40 

1.36 

371 

1798 

17.52 

0.11 

3 

1 

20 

1.4 

60 

2.08 

362 

1713 

16.69 

0.16 

6 

3 

30 

2.2 

80 

2.82 

353 

1636 

15.94 

0.22 

11 

6 

41 

3.0 

100 

3.58 

346 

1567 

15.27 

0.27 

17 

9 

51 

3.9 

120 

4.37 

339 

1503 

14.65 

0.33 

24 

14 

61 

4.8 

140 

5.18 

332 

1446 

14.10 

0.39 

32 

19 

72 

5.8 

160 

6.01 

326 

1395 

13.60 

0.45 

42 

25 

82 

6.8 

180 

6.87 

321 

1349 

13.14 

0.51 

52 

32 

93 

7.8 

200 

7.75 

316 

1306 

12.72 

0.58 

64 

41 

104 

8.9 

220 

8.65 

311 

1266 

12.34 

0.64 

76 

50 

114 

10.1 

240 

9.58 

306 

1229 

11.98 

0.71 

90 

61 

125 

11.2 

260 

10.52 

302 

1195 

11.64 

0.77 

104 

73 

136 

12.4 

280 

11.49 

298 

1163 

11.33 

0.84 

120 

86 

146 

13.7 

300 

12.48 

294 

1133 

11.04 

0.91 

136 

101 

157 

15.0 

10.4  mm  Vetterli  rifle, 

m  = 

19.4  g 

X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

435 

1835 

21.6 

0.00 

0 

0 

0 

0.0 

20 

0.54 

423 

1732 

20.4 

0.05 

1 

0 

10 

0.6 

40 

1.10 

411 

1637 

19.3 

0.10 

3 

1 

20 

1.1 

60 

1.68 

400 

1548 

18.2 

0.14 

6 

3 

30 

1.8 

80 

2.28 

389 

1467 

17.3 

0.20 

11 

5 

41 

2.5 

100 

2.91 

379 

1393 

16.4 

0.25 

17 

7 

51 

3.2 

120 

3.56 

370 

1324 

15.6 

0.30 

25 

11 

62 

4.0 

140 

4.23 

361 

1262 

14.9 

0.36 

33 

15 

72 

4.8 

160 

4.93 

353 

1206 

14.2 

0.41 

43 

21 

83 

5.7 

180 

5.65 

345 

1155 

13.6 

0.47 

55 

27 

94 

6.6 

200 

6.39 

338 

1109 

13.1 

0.53 

67 

34 

104 

7.6 

220 

7.16 

332 

1067 

12.6 

0.59 

81 

42 

115 

8.6 

240 

7.95 

326 

1029 

12.1 

0.65 

96 

52 

126 

9.6 

260 

8.76 

320 

995 

11.7 

0.71 

112 

62 

137 

10.7 

280 

9.60 

315 

964 

11.3 

0.77 

129 

73 

148 

11.9 

300 

10.46 

310 

935 

11.0 

0.84 

147 

86 

159 

13.1 
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A.10.5  Various 


4.5  mm  air  pistol,  Diabolo,  m  =  0.53  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

M 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

90 

2.1 

0.14 

0.00 

0 

0 

0 

0 

5 

3.15 

87 

2.0 

0.13 

0.06 

1 

0 

3 

3 

10 

6.44 

84 

1.9 

0.12 

0.12 

4 

2 

5 

7 

15 

9.87 

82 

1.8 

0.11 

0.18 

8 

4 

8 

11 

20 

13.45 

79 

1.7 

0.11 

0.24 

15 

7 

10 

15 

25 

17.19 

77 

1.6 

0.10 

0.30 

23 

11 

13 

19 

30 

21.11 

74 

1.5 

0.09 

0.37 

34 

17 

16 

24 

35 

25.20 

72 

1.4 

0.09 

0.44 

47 

23 

18 

29 

40 

29.48 

70 

1.3 

0.08 

0.51 

62 

32 

21 

35 

45 

33.95 

67 

1.2 

0.08 

0.58 

79 

41 

24 

41 

50 

38.64 

65 

1.1 

0.07 

0.66 

99 

53 

26 

48 

55 

43.54 

63 

1.1 

0.07 

0.73 

122 

66 

29 

55 

60 

48.68 

61 

1.0 

0.06 

0.81 

147 

82 

32 

63 

65 

54.07 

59 

0.9 

0.06 

0.90 

174 

99 

35 

71 

70 

59.72 

57 

0.9 

0.06 

0.98 

205 

119 

38 

80 

75 

65.79 

56 

0.8 

0.05 

1.08 

238 

143 

41 

90 

4.5  mm  air  rifle, 

Diabolo,  m 

=  0.53  g 

X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

175 

8.1 

0.51 

0.00 

0 

0 

0 

0 

5 

0.83 

170 

7.6 

0.48 

0.03 

0 

0 

3 

1 

10 

1.70 

165 

7.2 

0.45 

0.06 

2 

0 

5 

2 

15 

2.60 

160 

6.8 

0.43 

0.09 

4 

1 

8 

3 

20 

3.54 

155 

6.4 

0.40 

0.12 

7 

2 

10 

4 

25 

4.52 

151 

6.0 

0.38 

0.15 

11 

3 

13 

5 

30 

5.54 

146 

5.7 

0.36 

0.19 

16 

4 

15 

6 

35 

6.60 

142 

5.3 

0.33 

0.22 

23 

6 

18 

8 

40 

7.71 

137 

5.0 

0.31 

0.26 

30 

8 

21 

9 

45 

8.86 

133 

4.7 

0.30 

0.30 

38 

11 

24 

11 

50 

10.07 

129 

4.4 

0.28 

0.33 

48 

14 

26 

12 

55 

11.33 

125 

4.2 

0.26 

0.37 

59 

17 

29 

14 

60 

12.64 

122 

3.9 

0.25 

0.41 

70 

21 

32 

16 

65 

14.01 

118 

3.7 

0.23 

0.46 

84 

26 

35 

18 

70 

15.45 

114 

3.5 

0.22 

0.50 

98 

31 

38 

21 

75 

16.95 

111 

3.2 

0.20 

0.54 

114 

36 

41 

23 
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4.5  mm  air  rifle,  lead  sphere,  m  =  0.53  g 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

175 

8.1 

0.51 

0.00 

0 

0 

0 

0 

5 

0.84 

169 

7.6 

0.47 

0.03 

1 

0 

3 

1 

10 

1.71 

163 

7.0 

0.44 

0.06 

2 

0 

5 

2 

15 

2.63 

157 

6.5 

0.41 

0.09 

5 

1 

8 

3 

20 

3.60 

152 

6.1 

0.38 

0.12 

9 

2 

10 

4 

25 

4.61 

147 

5.7 

0.36 

0.16 

14 

3 

13 

5 

30 

5.67 

142 

5.3 

0.34 

0.19 

20 

5 

16 

7 

35 

6.78 

137 

5.0 

0.31 

0.23 

27 

6 

18 

8 

40 

7.95 

133 

4.7 

0.29 

0.26 

35 

9 

21 

10 

45 

9.17 

129 

4.4 

0.28 

0.30 

45 

11 

24 

11 

50 

10.45 

125 

4.1 

0.26 

0.34 

56 

14 

26 

13 

55 

11.78 

121 

3.9 

0.24 

0.38 

68 

18 

29 

15 

60 

13.18 

117 

3.6 

0.23 

0.42 

82 

22 

32 

17 

65 

14.65 

113 

3.4 

0.21 

0.47 

96 

27 

35 

20 

70 

16.19 

110 

3.2 

0.20 

0.51 

113 

32 

38 

22 

75 

17.79 

106 

3.0 

0.19 

0.56 

131 

39 

41 

25 

8  mm  arrow  (shot  from  a  bow),  m  =  40  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

M 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

70.0 

98.0 

1.95 

0.00 

0.0 

0 

0 

0.0 

5 

5.10 

69.9 

97.6 

1.94 

0.07 

0.2 

1 

3 

5.1 

10 

10.22 

69.7 

97.2 

1.93 

0.14 

0.5 

3 

5 

10.2 

15 

15.35 

69.6 

97.0 

1.93 

0.22 

0.9 

6 

8 

15.4 

20 

20.49 

69.5 

96.5 

1.92 

0.29 

1.3 

10 

10 

20.6 

25 

25.65 

69.4 

96.2 

1.91 

0.36 

1.8 

16 

13 

25.8 

30 

30.82 

69.2 

95.9 

1.91 

0.43 

2.4 

23 

15 

31.1 

35 

36.01 

69.1 

95.5 

1.90 

0.50 

3.2 

31 

18 

36.3 

40 

41.22 

69.0 

95.2 

1.89 

0.58 

4.2 

41 

20 

41.6 

45 

46.44 

68.9 

94.8 

1.89 

0.65 

5.4 

52 

23 

47.0 

50 

51.69 

68.7 

94.5 

1.88 

0.72 

6.8 

64 

25 

52.3 

55 

56.95 

68.6 

94.1 

1.87 

0.80 

8.3 

78 

28 

57.7 

60 

62.22 

68.5 

93.8 

1.87 

0.87 

9.9 

92 

30 

63.1 

65 

67.52 

68.4 

93.4 

1.86 

0.94 

11.5 

109 

33 

68.6 

70 

72.84 

68.2 

93.1 

1.85 

1.02 

13.2 

126 

35 

74.1 

75 

78.18 

68.1 

92.7 

1.85 

1.09 

15.0 

146 

38 

79.6 
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Cuboid  steel  fragment,  m  =  0.1  g 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

1000 

50.0 

6.10 

0.00 

0 

0 

0 

0 

5 

0.03 

754 

28.4 

3.47 

0.01 

1 

0 

3 

0 

10 

0.08 

559 

15.6 

1.91 

0.01 

3 

0 

6 

0 

15 

0.15 

409 

8.4 

1.02 

0.02 

9 

0 

9 

0 

20 

0.26 

308 

4.7 

0.58 

0.04 

18 

0 

12 

1 

25 

0.43 

244 

3.0 

0.36 

0.06 

32 

0 

16 

1 

30 

0.69 

197 

1.9 

0.24 

0.08 

49 

1 

20 

2 

35 

1.06 

160 

1.3 

0.16 

0.11 

73 

2 

24 

3 

40 

1.58 

131 

0.9 

0.11 

0.14 

102 

3 

28 

5 

45 

2.32 

108 

0.6 

0.07 

0.18 

139 

5 

32 

8 

50 

3.34 

89 

0.4 

0.05 

0.24 

186 

8 

36 

12 

55 

4.76 

73 

0.3 

0.03 

0.30 

243 

13 

41 

18 

56 

5.09 

70 

0.2 

0.03 

0.31 

255 

14 

42 

20 

60 

6.74 

60 

0.2 

0.02 

0.37 

314 

20 

45 

28 

65 

9.49 

50 

0.1 

0.02 

0.47 

400 

32 

50 

42 

70 

13.31 

41 

0.1 

0.01 

0.58 

506 

50 

56 

63 

75 

18.62 

34 

0.1 

0.01 

0.71 

636 

77 

61 

94 

Cuboid  steel  fragment,  m  =  1  g 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[m] 

[Mil] 

[m/s] 

[J] 

[J/mnr] 

[s] 

[cm] 

[cm] 

[m] 

[Mil] 

0 

0.00 

1000 

500.0 

13.18 

0.00 

0 

0 

0 

0 

5 

0.03 

879 

386.5 

10.19 

0.01 

0 

0 

3 

0 

10 

0.06 

770 

296.8 

7.82 

0.01 

1 

0 

5 

0 

15 

0.10 

673 

226.2 

5.96 

0.02 

3 

0 

8 

0 

20 

0.15 

585 

171.3 

4.51 

0.03 

6 

0 

11 

0 

25 

0.20 

508 

128.8 

3.39 

0.04 

11 

0 

14 

0 

30 

0.28 

439 

96.2 

2.54 

0.05 

16 

0 

17 

0 

35 

0.36 

380 

72.2 

1.90 

0.06 

23 

0 

21 

1 

40 

0.47 

333 

55.4 

1.46 

0.07 

32 

1 

24 

1 

45 

0.61 

296 

43.7 

1.15 

0.09 

43 

1 

28 

1 

50 

0.77 

265 

35.1 

0.92 

0.11 

56 

2 

32 

2 

55 

0.97 

239 

28.5 

0.75 

0.13 

71 

2 

35 

2 

60 

1.21 

216 

23.4 

0.62 

0.15 

88 

3 

39 

3 

65 

1.50 

196 

19.2 

0.51 

0.17 

108 

4 

43 

4 

70 

1.84 

178 

15.9 

0.42 

0.20 

129 

5 

47 

5 

75 

2.24 

162 

13.2 

0.35 

0.23 

154 

7 

51 

6 
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A.11  Ballistics  tables  (British/U.S.  system) 

A.11.1  Notes 

These  tables  use  mils  for  the  angle  of  both  the  angle  of  shot  and  the  angle  of 
descent.  360°  6400  mils 

At  the  small  angles  encountered  with  flat- trajectory  weapons,  1  mil  corresponds  to  1  mm  change 
in  altitude  per  metre  of  flight. 

The  ballistics  tables  are  valid  at  sea  level,  and  were  generated  using  k-ballistics  4 
software  (www.kneubuehl.com,  S.  Rothe). 


Abbreviations: 


X 

Range 

t 

Time  of  flight 

as 

Angle  of  shot 

Cw  : 

Deviation  with  a  cross-wind  of  10  m/s 

V 

Velocity 

ys  : 

Vertex  height 

E 

Energy 

x5  : 

Vertex  distance 

ED 

Energy  density 

ad  : 

Angle  of  descent 

A.11. 2  Handguns 


25  Auto  Pistol,  m  =  50  gr 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

804 

71 

1442 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.77 

793 

69 

1404 

0.04 

0.0 

0.1 

5 

0.8 

20 

1.55 

782 

67 

1365 

0.08 

0.4 

0.3 

10 

1.6 

30 

2.35 

771 

65 

1328 

0.11 

0.8 

0.6 

15 

2.4 

40 

3.16 

761 

64 

1294 

0.15 

1.6 

1.1 

20 

3.3 

50 

3.98 

751 

62 

1259 

0.19 

2.8 

1.8 

25 

4.2 

60 

4.83 

741 

60 

1224 

0.23 

3.9 

2.6 

30 

5.1 

70 

5.68 

731 

59 

1192 

0.27 

5.1 

3.6 

36 

6.1 

80 

6.56 

721 

57 

1161 

0.32 

6.7 

4.8 

41 

7.1 

90 

7.45 

711 

55 

1129 

0.36 

8.7 

6.2 

46 

8.1 

100 

8.35 

702 

54 

1100 

0.40 

10.6 

7.7 

51 

9.2 

110 

9.28 

692 

53 

1070 

0.44 

12.6 

9.5 

56 

10.3 

120 

10.22 

683 

51 

1043 

0.49 

15.4 

11.4 

62 

11.4 

130 

11.17 

674 

50 

1015 

0.53 

18.1 

13.6 

67 

12.6 

140 

12.15 

665 

49 

988 

0.58 

20.9 

16.0 

72 

13.8 

150 

13.14 

656 

47 

962 

0.62 

24.0 

18.6 

78 

15.0 

[ftlbf/in2] 
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7. 62  x  25  Russian  Tokarev,  m  =  85  gr 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1493 

428 

6048 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.23 

1450 

403 

5706 

0.02 

0.0 

0.0 

5 

0.2 

20 

0.46 

1408 

380 

5380 

0.04 

0.4 

0.1 

10 

0.5 

30 

0.70 

1367 

359 

5072 

0.06 

1.2 

0.2 

15 

0.7 

40 

0.96 

1327 

338 

4779 

0.09 

2.0 

0.4 

20 

1.0 

50 

1.22 

1288 

318 

4503 

0.11 

3.1 

0.6 

26 

1.4 

60 

1.49 

1251 

300 

4247 

0.13 

4.3 

0.8 

31 

1.7 

70 

1.78 

1216 

284 

4011 

0.16 

6.3 

1.2 

36 

2.0 

80 

2.08 

1183 

268 

3796 

0.18 

8.3 

1.6 

42 

2.4 

90 

2.39 

1152 

255 

3600 

0.21 

10.2 

2.1 

47 

2.8 

100 

2.71 

1124 

242 

3426 

0.23 

12.6 

2.6 

53 

3.3 

110 

3.04 

1099 

232 

3279 

0.26 

15.4 

3.3 

58 

3.7 

120 

3.39 

1078 

223 

3156 

0.29 

18.5 

4.0 

64 

4.2 

130 

3.75 

1061 

216 

3054 

0.32 

21.7 

4.8 

69 

4.7 

140 

4.12 

1045 

210 

2967 

0.34 

24.8 

5.7 

75 

5.3 

150 

4.50 

1031 

204 

2886 

0.37 

28.3 

6.8 

80 

5.8 

32  Auto,  m  =  71  gr 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1001 

161 

2263 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.50 

986 

157 

2198 

0.03 

0.0 

0.0 

5 

0.5 

20 

1.00 

972 

152 

2136 

0.06 

0.4 

0.2 

10 

1.0 

30 

1.52 

959 

148 

2079 

0.09 

0.8 

0.4 

15 

1.6 

40 

2.04 

946 

144 

2024 

0.12 

1.6 

0.7 

20 

2.1 

50 

2.58 

934 

141 

1972 

0.16 

2.0 

1.2 

25 

2.7 

60 

3.12 

922 

137 

1922 

0.19 

3.1 

1.7 

30 

3.3 

70 

3.67 

911 

134 

1874 

0.22 

4.3 

2.3 

36 

3.9 

80 

4.24 

899 

130 

1828 

0.25 

5.5 

3.1 

41 

4.6 

90 

4.81 

888 

127 

1784 

0.29 

6.7 

4.0 

46 

5.2 

100 

5.40 

878 

124 

1741 

0.32 

8.3 

5.0 

51 

5.9 

110 

5.99 

867 

121 

1700 

0.36 

10.2 

6.1 

56 

6.6 

120 

6.59 

857 

118 

1659 

0.39 

12.2 

7.4 

62 

7.3 

130 

7.21 

847 

115 

1620 

0.43 

14.2 

8.7 

67 

8.0 

140 

7.83 

837 

113 

1582 

0.46 

16.1 

10.3 

72 

8.8 

150 

8.46 

827 

110 

1545 

0.50 

18.9 

11.9 

77 

9.6 

[ft  lbf/in2] 
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9  mm  Russian  Makarov,  m  =  95  gr 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1116 

260 

2637 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.40 

1084 

245 

2489 

0.03 

0.0 

0.0 

5 

0.4 

20 

0.82 

1055 

233 

2360 

0.06 

0.8 

0.1 

10 

0.9 

30 

1.26 

1030 

222 

2247 

0.08 

1.2 

0.3 

15 

1.3 

40 

1.70 

1007 

212 

2148 

0.11 

2.4 

0.6 

20 

1.8 

50 

2.17 

986 

203 

2059 

0.14 

3.5 

1.0 

26 

2.4 

60 

2.65 

966 

195 

1977 

0.17 

5.1 

1.5 

31 

2.9 

70 

3.14 

947 

187 

1900 

0.21 

7.1 

2.0 

36 

3.5 

80 

3.64 

929 

180 

1829 

0.24 

9.1 

2.7 

41 

4.1 

90 

4.16 

912 

174 

1764 

0.27 

11.0 

3.5 

47 

4.7 

100 

4.70 

896 

168 

1703 

0.30 

13.8 

4.5 

52 

5.4 

110 

5.25 

881 

162 

1644 

0.34 

16.5 

5.5 

57 

6.1 

120 

5.81 

866 

157 

1588 

0.37 

19.3 

6.7 

63 

6.8 

130 

6.38 

851 

151 

1535 

0.41 

22.4 

8.0 

68 

7.6 

140 

6.98 

837 

146 

1485 

0.44 

26.0 

9.5 

73 

8.4 

150 

7.58 

823 

142 

1436 

0.48 

29.5 

11.1 

79 

9.2 

9  mm  Luger  FMJ  RN,  m  =  124  gr 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1148 

361 

3665 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.38 

1121 

345 

3494 

0.03 

0.0 

0.0 

5 

0.4 

20 

0.77 

1098 

330 

3348 

0.05 

0.4 

0.1 

10 

0.8 

30 

1.17 

1077 

318 

3227 

0.08 

1.2 

0.3 

15 

1.2 

40 

1.59 

1060 

308 

3126 

0.11 

2.0 

0.6 

20 

1.7 

50 

2.01 

1045 

300 

3037 

0.14 

2.8 

0.9 

25 

2.1 

60 

2.44 

1031 

292 

2957 

0.17 

3.9 

1.3 

31 

2.6 

70 

2.88 

1019 

284 

2884 

0.20 

5.1 

1.9 

36 

3.1 

80 

3.33 

1007 

278 

2817 

0.23 

6.7 

2.5 

41 

3.6 

90 

3.79 

996 

272 

2755 

0.26 

7.9 

3.2 

46 

4.2 

100 

4.25 

985 

266 

2696 

0.29 

9.8 

3.9 

51 

4.7 

110 

4.72 

974 

260 

2639 

0.32 

11.4 

4.8 

56 

5.2 

120 

5.20 

964 

255 

2585 

0.35 

13.4 

5.8 

62 

5.8 

130 

5.69 

955 

250 

2532 

0.38 

15.4 

6.9 

67 

6.4 

140 

6.18 

945 

245 

2483 

0.41 

17.3 

8.1 

72 

7.0 

150 

6.69 

936 

240 

2434 

0.44 

19.7 

9.4 

77 

7.6 

[ft  lbf/in2] 
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38  S  &  W  Spl.  LRN,  m  =  158  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

869 

265 

2689 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.66 

860 

259 

2630 

0.03 

0.0 

0.1 

5 

0.7 

20 

1.32 

850 

254 

2572 

0.07 

0.4 

0.2 

10 

1.3 

30 

2.00 

841 

248 

2517 

0.11 

0.8 

0.5 

15 

2.0 

40 

2.68 

832 

243 

2463 

0.14 

1.2 

1.0 

20 

2.8 

50 

3.38 

823 

238 

2412 

0.18 

2.0 

1.5 

25 

3.5 

60 

4.08 

815 

233 

2361 

0.21 

2.8 

2.2 

30 

4.3 

70 

4.80 

806 

228 

2312 

0.25 

3.9 

3.0 

35 

5.0 

80 

5.52 

798 

223 

2265 

0.29 

4.7 

4.0 

41 

5.9 

90 

6.26 

790 

219 

2218 

0.33 

6.3 

5.1 

46 

6.7 

100 

7.00 

781 

214 

2172 

0.36 

7.5 

6.4 

51 

7.5 

110 

7.76 

773 

210 

2128 

0.40 

9.4 

7.8 

56 

8.4 

120 

8.53 

765 

206 

2084 

0.44 

11.0 

9.4 

61 

9.3 

130 

9.31 

757 

201 

2040 

0.48 

13.0 

11.2 

67 

10.2 

140 

10.10 

750 

197 

1999 

0.52 

15.0 

13.1 

72 

11.1 

150 

10.90 

742 

193 

1958 

0.56 

17.3 

15.2 

77 

12.1 

357  Magnum  SJHP,  m  =  125  gr 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1394 

533 

5404 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.26 

1354 

502 

5093 

0.02 

0.0 

0.0 

5 

0.3 

20 

0.53 

1315 

474 

4808 

0.04 

0.4 

0.1 

10 

0.6 

30 

0.81 

1280 

449 

4551 

0.07 

1.2 

0.2 

15 

0.9 

40 

1.10 

1247 

427 

4325 

0.09 

2.0 

0.4 

20 

1.2 

50 

1.40 

1218 

407 

4123 

0.12 

3.1 

0.6 

26 

1.5 

60 

1.71 

1191 

389 

3943 

0.14 

4.3 

1.0 

31 

1.9 

70 

2.03 

1166 

373 

3780 

0.17 

5.9 

1.3 

36 

2.3 

80 

2.36 

1143 

358 

3631 

0.19 

7.9 

1.8 

41 

2.7 

90 

2.70 

1121 

345 

3495 

0.22 

9.8 

2.3 

47 

3.1 

100 

3.05 

1101 

333 

3372 

0.25 

11.8 

2.9 

52 

3.6 

110 

3.41 

1083 

322 

3260 

0.27 

14.2 

3.6 

57 

4.0 

120 

3.78 

1066 

312 

3159 

0.30 

16.9 

4.4 

63 

4.5 

130 

4.16 

1050 

302 

3065 

0.33 

19.7 

5.2 

68 

5.0 

140 

4.55 

1035 

294 

2977 

0.36 

22.4 

6.2 

74 

5.5 

150 

4.95 

1021 

286 

2895 

0.39 

25.2 

7.3 

79 

6.1 

[ft  lbf/in2] 
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40  S&  W  Auto  SJHP,  m  =  155  gr 


X 

as 

V 

E 

ED 

t 

Cw 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1148 

452 

3602 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.38 

1123 

432 

3448 

0.03 

0.0 

0.0 

5 

0.4 

20 

0.77 

1100 

415 

3307 

0.05 

0.4 

0.1 

10 

0.8 

30 

1.17 

1080 

399 

3183 

0.08 

1.2 

0.3 

15 

1.2 

40 

1.58 

1060 

385 

3071 

0.11 

2.0 

0.6 

20 

1.7 

50 

2.00 

1042 

372 

2967 

0.14 

2.8 

0.9 

25 

2.1 

60 

2.43 

1025 

360 

2872 

0.17 

3.9 

1.3 

31 

2.6 

70 

2.88 

1010 

349 

2784 

0.20 

5.1 

1.9 

36 

3.1 

80 

3.33 

995 

339 

2702 

0.23 

6.7 

2.5 

41 

3.7 

90 

3.79 

981 

330 

2627 

0.26 

8.3 

3.2 

46 

4.2 

100 

4.26 

967 

321 

2556 

0.29 

10.2 

4.0 

51 

4.8 

110 

4.74 

955 

312 

2489 

0.32 

12.2 

4.9 

57 

5.4 

120 

5.23 

942 

304 

2426 

0.35 

14.6 

5.9 

62 

6.0 

130 

5.74 

930 

297 

2365 

0.38 

16.5 

7.1 

67 

6.6 

140 

6.25 

919 

289 

2307 

0.41 

19.3 

8.3 

73 

7.2 

150 

6.77 

908 

282 

2251 

0.45 

22.0 

9.7 

78 

7.9 

44S&W  Magnum  SJHP,  m  =  240  gr 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1476 

1161 

7604 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.23 

1444 

1111 

7275 

0.02 

0.0 

0.0 

5 

0.2 

20 

0.47 

1413 

1063 

6962 

0.04 

0.4 

0.1 

10 

0.5 

30 

0.71 

1382 

1017 

6662 

0.06 

0.8 

0.2 

15 

0.7 

40 

0.96 

1352 

974 

6379 

0.08 

1.6 

0.3 

20 

1.0 

50 

1.22 

1323 

933 

6110 

0.11 

2.4 

0.6 

25 

1.3 

60 

1.48 

1296 

894 

5855 

0.13 

3.1 

0.8 

31 

1.6 

70 

1.75 

1269 

857 

5614 

0.15 

4.7 

1.1 

36 

1.9 

80 

2.04 

1243 

823 

5387 

0.18 

5.9 

1.5 

41 

2.3 

90 

2.33 

1218 

790 

5173 

0.20 

7.5 

2.0 

46 

2.6 

100 

2.62 

1194 

759 

4973 

0.23 

9.4 

2.5 

52 

3.0 

110 

2.93 

1172 

731 

4789 

0.25 

11.4 

3.1 

57 

3.4 

120 

3.24 

1151 

705 

4619 

0.28 

13.4 

3.7 

63 

3.8 

130 

3.57 

1131 

681 

4461 

0.30 

15.7 

4.5 

68 

4.3 

140 

3.90 

1112 

659 

4316 

0.33 

18.5 

5.3 

73 

4.7 

150 

4.24 

1095 

639 

4183 

0.36 

21.3 

6.2 

79 

5.2 

[ft  lbf/in2] 
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45  Auto  FMJ  RN,  m  =  230  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

804 

330 

2066 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.77 

798 

325 

2037 

0.04 

0.0 

0.1 

5 

0.8 

20 

1.54 

792 

320 

2008 

0.08 

0.4 

0.3 

10 

1.6 

30 

2.32 

787 

316 

1979 

0.11 

0.4 

0.6 

15 

2.4 

40 

3.10 

781 

311 

1950 

0.15 

0.8 

1.1 

20 

3.2 

50 

3.90 

775 

307 

1923 

0.19 

1.2 

1.7 

25 

4.0 

60 

4.70 

770 

303 

1896 

0.23 

2.0 

2.5 

30 

4.8 

70 

5.51 

764 

298 

1869 

0.27 

2.8 

3.5 

35 

5.7 

80 

6.33 

759 

294 

1842 

0.31 

3.5 

4.6 

40 

6.6 

90 

7.15 

754 

290 

1816 

0.35 

4.3 

5.8 

45 

7.5 

100 

7.99 

748 

286 

1791 

0.39 

5.5 

7.2 

51 

8.4 

110 

8.83 

743 

282 

1766 

0.43 

6.7 

8.8 

56 

9.3 

120 

9.68 

738 

278 

1741 

0.47 

7.9 

10.6 

61 

10.3 

130 

10.54 

733 

274 

1716 

0.51 

9.1 

12.5 

66 

11.2 

140 

11.40 

727 

270 

1692 

0.55 

10.6 

14.6 

71 

12.2 

150 

12.28 

722 

266 

1669 

0.59 

12.2 

16.9 

76 

13.2 

Flintlock  pistol, 

13.5  mm,  m 

=  224gr 

X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1263 

793 

3572 

0.00 

0.0 

0.0 

0 

0.0 

10 

0.32 

1200 

716 

3226 

0.02 

0.4 

0.0 

5 

0.3 

20 

0.66 

1144 

650 

2929 

0.05 

0.8 

0.1 

10 

0.7 

30 

1.03 

1093 

593 

2674 

0.08 

2.4 

0.3 

15 

1.1 

40 

1.41 

1047 

544 

2453 

0.10 

3.9 

0.5 

21 

1.6 

50 

1.83 

1005 

502 

2262 

0.13 

5.9 

0.9 

26 

2.1 

60 

2.26 

967 

465 

2095 

0.16 

8.7 

1.3 

31 

2.7 

70 

2.72 

933 

432 

1948 

0.20 

11.8 

1.9 

37 

3.3 

80 

3.21 

901 

404 

1819 

0.23 

15.4 

2.5 

42 

4.0 

90 

3.73 

872 

378 

1703 

0.26 

19.3 

3.3 

48 

4.7 

100 

4.27 

845 

355 

1600 

0.30 

23.6 

4.3 

53 

5.5 

110 

4.83 

820 

334 

1506 

0.33 

28.7 

5.4 

59 

6.4 

120 

5.43 

797 

315 

1421 

0.37 

33.9 

6.7 

65 

7.3 

130 

6.05 

775 

298 

1344 

0.41 

39.4 

8.1 

70 

8.3 

140 

6.70 

754 

283 

1273 

0.45 

45.7 

9.8 

76 

9.3 

150 

7.38 

735 

268 

1208 

0.49 

52.0 

11.6 

82 

10.4 

[ft  lbf/in2] 
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A.11.3  Rifles 


5.45  x  39  AK-74,  m  =  53gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2986 

1054 

29138 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.11 

2922 

1009 

27910 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.23 

2860 

967 

26729 

0.04 

0.4 

0.1 

20 

0.2 

60 

0.35 

2798 

926 

25595 

0.06 

0.8 

0.2 

30 

0.4 

80 

0.47 

2738 

886 

24500 

0.08 

1.4 

0.3 

41 

0.5 

100 

0.59 

2678 

848 

23449 

0.11 

2.2 

0.5 

51 

0.6 

120 

0.72 

2620 

811 

22434 

0.13 

3.2 

0.8 

61 

0.8 

140 

0.86 

2562 

776 

21458 

0.15 

4.4 

1.1 

72 

1.0 

160 

0.99 

2505 

742 

20518 

0.18 

5.8 

1.5 

82 

1.1 

180 

1.14 

2449 

709 

19613 

0.20 

7.5 

1.9 

93 

1.3 

200 

1.28 

2394 

678 

18739 

0.22 

9.3 

2.4 

104 

1.5 

220 

1.43 

2340 

647 

17902 

0.25 

11.4 

3.0 

115 

1.7 

240 

1.59 

2287 

618 

17091 

0.28 

13.7 

3.7 

126 

1.9 

260 

1.75 

2234 

590 

16314 

0.30 

16.2 

4.4 

137 

2.1 

280 

1.92 

2182 

563 

15562 

0.33 

19.0 

5.3 

148 

2.4 

300 

2.09 

2131 

537 

14843 

0.36 

22.0 

6.2 

159 

2.6 

223  Rem.  M  193  (SS  92),  m  =  55  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ftlbf] 

n 

M 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

3150 

1210 

32150 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.10 

3069 

1149 

30531 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.21 

2990 

1091 

28982 

0.04 

0.4 

0.1 

20 

0.2 

60 

0.31 

2913 

1035 

27502 

0.06 

0.9 

0.2 

30 

0.3 

80 

0.43 

2837 

982 

26086 

0.08 

1.6 

0.3 

41 

0.5 

100 

0.54 

2763 

931 

24733 

0.10 

2.5 

0.5 

51 

0.6 

120 

0.66 

2689 

882 

23439 

0.12 

3.7 

0.7 

62 

0.7 

140 

0.79 

2617 

836 

22204 

0.15 

5.1 

1.0 

72 

0.9 

160 

0.92 

2547 

791 

21021 

0.17 

6.8 

1.4 

83 

1.1 

180 

1.05 

2478 

749 

19895 

0.19 

8.7 

1.8 

94 

1.2 

200 

1.19 

2410 

708 

18816 

0.22 

10.8 

2.3 

105 

1.4 

220 

1.34 

2343 

669 

17787 

0.24 

13.3 

2.9 

116 

1.6 

240 

1.49 

2277 

632 

16804 

0.27 

16.0 

3.5 

127 

1.8 

260 

1.64 

2212 

597 

15864 

0.30 

19.0 

4.2 

138 

2.1 

280 

1.81 

2149 

563 

14965 

0.32 

22.4 

5.1 

149 

2.3 

300 

1.98 

2086 

531 

14107 

0.35 

26.0 

6.0 

161 

2.6 
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5.56  mm  NATO  SS  109  (M  855),  m  =  62  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lb.wt] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

3018 

1249 

33175 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.11 

2958 

1199 

31852 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.22 

2898 

1151 

30574 

0.04 

0.3 

0.1 

20 

0.2 

60 

0.34 

2838 

1104 

29338 

0.06 

0.7 

0.2 

30 

0.4 

80 

0.46 

2780 

1059 

28145 

0.08 

1.3 

0.3 

41 

0.5 

100 

0.58 

2723 

1016 

26992 

0.10 

2.1 

0.5 

51 

0.6 

120 

0.70 

2666 

974 

25876 

0.13 

3.0 

0.8 

61 

0.8 

140 

0.83 

2609 

933 

24795 

0.15 

4.1 

1.1 

72 

0.9 

160 

0.97 

2554 

894 

23750 

0.17 

5.5 

1.4 

82 

1.1 

180 

1.10 

2499 

856 

22738 

0.20 

7.0 

1.9 

93 

1.3 

200 

1.25 

2445 

819 

21760 

0.22 

8.7 

2.4 

104 

1.4 

220 

1.39 

2391 

783 

20811 

0.25 

10.7 

2.9 

114 

1.6 

240 

1.54 

2337 

749 

19895 

0.27 

12.8 

3.6 

125 

1.8 

260 

1.69 

2285 

715 

19007 

0.30 

15.2 

4.3 

136 

2.0 

280 

1.85 

2232 

683 

18149 

0.32 

17.9 

5.1 

147 

2.3 

300 

2.02 

2181 

652 

17317 

0.35 

20.7 

6.0 

159 

2.5 

6  mm  BR  Norma,  m  =  107  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2822 

1882 

42943 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.12 

2790 

1839 

41971 

0.02 

0.0 

0.0 

10 

0.1 

40 

0.25 

2758 

1798 

41020 

0.04 

0.2 

0.1 

20 

0.3 

60 

0.38 

2726 

1757 

40084 

0.06 

0.4 

0.2 

30 

0.4 

80 

0.51 

2695 

1717 

39167 

0.09 

0.8 

0.4 

40 

0.5 

100 

0.64 

2664 

1677 

38266 

0.11 

1.2 

0.6 

50 

0.7 

120 

0.78 

2633 

1638 

37383 

0.13 

1.8 

0.8 

61 

0.8 

140 

0.91 

2602 

1600 

36515 

0.16 

2.4 

1.2 

71 

1.0 

160 

1.05 

2571 

1563 

35664 

0.18 

3.2 

1.5 

81 

1.1 

180 

1.19 

2541 

1527 

34831 

0.20 

4.0 

2.0 

92 

1.3 

200 

1.34 

2511 

1491 

34012 

0.23 

5.0 

2.5 

102 

1.4 

220 

1.48 

2481 

1456 

33211 

0.25 

6.1 

3.0 

112 

1.6 

240 

1.63 

2452 

1421 

32424 

0.27 

7.3 

3.6 

123 

1.8 

260 

1.78 

2422 

1387 

31653 

0.30 

8.6 

4.3 

133 

2.0 

280 

1.93 

2393 

1354 

30895 

0.32 

10.1 

5.0 

144 

2.2 

300 

2.09 

2364 

1322 

30154 

0.35 

11.7 

5.9 

155 

2.4 

[ft  lbf/in2] 
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7  x  64  partition,  m  =  173  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2658 

2710 

45429 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.14 

2608 

2610 

43756 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.29 

2559 

2513 

42133 

0.05 

0.3 

0.1 

20 

0.3 

60 

0.43 

2511 

2420 

40561 

0.07 

0.8 

0.2 

30 

0.5 

80 

0.59 

2463 

2329 

39037 

0.09 

1.4 

0.4 

41 

0.6 

100 

0.74 

2416 

2241 

37560 

0.12 

2.2 

0.7 

51 

0.8 

120 

0.90 

2370 

2155 

36127 

0.14 

3.1 

1.0 

61 

1.0 

140 

1.07 

2324 

2072 

34737 

0.17 

4.3 

1.4 

72 

1.2 

160 

1.24 

2278 

1992 

33389 

0.20 

5.7 

1.8 

82 

1.4 

180 

1.41 

2233 

1914 

32087 

0.22 

7.3 

2.4 

93 

1.6 

200 

1.59 

2189 

1839 

30824 

0.25 

9.1 

3.0 

103 

1.8 

220 

1.77 

2145 

1766 

29604 

0.28 

11.1 

3.7 

114 

2.0 

240 

1.96 

2102 

1696 

28425 

0.30 

13.3 

4.5 

125 

2.3 

260 

2.15 

2059 

1627 

27282 

0.33 

15.8 

5.4 

136 

2.6 

280 

2.35 

2017 

1562 

26177 

0.36 

18.5 

6.4 

147 

2.8 

300 

2.56 

1976 

1498 

25108 

0.39 

21.4 

7.5 

158 

3.1 

7  mm  Rem.  Mag.  spire  point,  m  =  140  gr 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

3100 

2964 

49689 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.10 

3050 

2868 

48078 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.21 

3000 

2774 

46510 

0.04 

0.3 

0.1 

20 

0.2 

60 

0.32 

2950 

2683 

44985 

0.06 

0.6 

0.2 

30 

0.3 

80 

0.43 

2901 

2595 

43500 

0.08 

1.0 

0.3 

40 

0.5 

100 

0.54 

2852 

2509 

42055 

0.10 

1.6 

0.5 

51 

0.6 

120 

0.66 

2804 

2425 

40648 

0.12 

2.4 

0.7 

61 

0.7 

140 

0.78 

2757 

2343 

39280 

0.14 

3.2 

1.0 

71 

0.8 

160 

0.90 

2710 

2264 

37949 

0.17 

4.3 

1.3 

82 

1.0 

180 

1.02 

2663 

2187 

36655 

0.19 

5.4 

1.7 

92 

1.1 

200 

1.15 

2617 

2111 

35396 

0.21 

6.8 

2.1 

103 

1.3 

220 

1.28 

2571 

2039 

34174 

0.23 

8.2 

2.6 

114 

1.5 

240 

1.41 

2526 

1968 

32987 

0.26 

9.9 

3.2 

124 

1.6 

260 

1.55 

2482 

1899 

31833 

0.28 

11.7 

3.8 

135 

1.8 

280 

1.69 

2438 

1832 

30712 

0.31 

13.7 

4.5 

146 

2.0 

300 

1.83 

2394 

1767 

29624 

0.33 

15.9 

5.3 

157 

2.2 

[ft  lbf/in2] 
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7.5  x  55  Swiss  (GP11),  m  =  175  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2461 

2344 

34232 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.16 

2429 

2284 

33347 

0.02 

0.1 

0.0 

10 

0.2 

40 

0.33 

2397 

2224 

32482 

0.05 

0.3 

0.1 

20 

0.3 

60 

0.50 

2366 

2167 

31638 

0.07 

0.6 

0.3 

30 

0.5 

80 

0.67 

2335 

2110 

30813 

0.10 

1.0 

0.5 

40 

0.7 

100 

0.85 

2304 

2055 

30006 

0.13 

1.6 

0.8 

51 

0.9 

120 

1.03 

2273 

2001 

29216 

0.15 

2.3 

1.1 

61 

1.1 

140 

1.21 

2243 

1948 

28443 

0.18 

3.2 

1.5 

71 

1.3 

160 

1.40 

2213 

1896 

27687 

0.21 

4.2 

2.0 

81 

1.5 

180 

1.58 

2183 

1845 

26946 

0.23 

5.3 

2.6 

92 

1.7 

200 

1.78 

2154 

1796 

26220 

0.26 

6.6 

3.3 

102 

1.9 

220 

1.97 

2124 

1747 

25511 

0.29 

8.1 

4.0 

113 

2.2 

240 

2.17 

2095 

1699 

24814 

0.32 

9.7 

4.9 

123 

2.4 

260 

2.38 

2066 

1653 

24134 

0.35 

11.4 

5.8 

134 

2.7 

280 

2.58 

2037 

1607 

23466 

0.38 

13.3 

6.8 

145 

2.9 

300 

2.79 

2009 

1562 

22812 

0.41 

15.4 

7.9 

155 

3.2 

7.62  x  39  AK-47  (Kalashnikov),  m  =  124  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2329 

1487 

21040 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.19 

2263 

1404 

19855 

0.03 

0.2 

0.0 

10 

0.2 

40 

0.38 

2197 

1323 

18721 

0.05 

0.6 

0.1 

20 

0.4 

60 

0.58 

2133 

1247 

17639 

0.08 

1.4 

0.3 

30 

0.6 

80 

0.79 

2069 

1174 

16603 

0.11 

2.5 

0.6 

41 

0.9 

100 

1.00 

2007 

1104 

15616 

0.14 

3.9 

0.9 

51 

1.1 

120 

1.23 

1945 

1037 

14675 

0.17 

5.7 

1.4 

62 

1.4 

140 

1.46 

1885 

974 

13778 

0.20 

7.9 

1.9 

73 

1.7 

160 

1.71 

1826 

914 

12925 

0.23 

10.5 

2.6 

83 

2.0 

180 

1.97 

1768 

856 

12114 

0.27 

13.5 

3.4 

94 

2.4 

200 

2.23 

1711 

802 

11345 

0.30 

17.0 

4.4 

105 

2.7 

220 

2.52 

1655 

750 

10615 

0.34 

20.9 

5.5 

117 

3.2 

240 

2.81 

1600 

701 

9923 

0.37 

25.3 

6.8 

128 

3.6 

260 

3.12 

1546 

655 

9269 

0.41 

30.1 

8.2 

140 

4.1 

280 

3.44 

1494 

611 

8650 

0.45 

35.5 

9.9 

151 

4.6 

300 

3.78 

1442 

570 

8065 

0.49 

41.5 

11.7 

163 

5.2 

[ft  lbf/in2] 
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7.62  mm  NATO  (308  Win.),  m  =  147  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2723 

2414 

34144 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.13 

2677 

2333 

33004 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.27 

2632 

2255 

31897 

0.04 

0.3 

0.1 

20 

0.3 

60 

0.41 

2587 

2179 

30821 

0.07 

0.7 

0.2 

30 

0.4 

80 

0.56 

2543 

2105 

29774 

0.09 

1.2 

0.4 

40 

0.6 

100 

0.70 

2499 

2033 

28755 

0.12 

1.9 

0.6 

51 

0.7 

120 

0.85 

2456 

1963 

27764 

0.14 

2.8 

0.9 

61 

0.9 

140 

1.01 

2412 

1894 

26797 

0.16 

3.8 

1.3 

71 

1.1 

160 

1.17 

2370 

1828 

25858 

0.19 

5.0 

1.7 

82 

1.3 

180 

1.33 

2328 

1763 

24946 

0.21 

6.4 

2.2 

92 

1.5 

200 

1.49 

2286 

1701 

24057 

0.24 

7.9 

2.8 

103 

1.7 

220 

1.66 

2244 

1640 

23194 

0.27 

9.7 

3.4 

114 

1.9 

240 

1.84 

2203 

1580 

22355 

0.29 

11.6 

4.2 

124 

2.1 

260 

2.01 

2163 

1522 

21538 

0.32 

13.8 

5.0 

135 

2.4 

280 

2.20 

2122 

1466 

20742 

0.35 

16.2 

5.9 

146 

2.6 

300 

2.38 

2082 

1412 

19969 

0.38 

18.7 

6.9 

157 

2.9 

300  Win.  Mag.  Sierra  MK,  m  =  190  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2887 

3513 

49695 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.12 

2854 

3432 

48549 

0.02 

0.0 

0.0 

10 

0.1 

40 

0.24 

2820 

3352 

47423 

0.04 

0.2 

0.1 

20 

0.2 

60 

0.36 

2787 

3274 

46316 

0.06 

0.4 

0.2 

30 

0.4 

80 

0.49 

2754 

3197 

45230 

0.09 

0.8 

0.3 

40 

0.5 

100 

0.61 

2722 

3122 

44163 

0.11 

1.2 

0.6 

50 

0.6 

120 

0.74 

2689 

3048 

43116 

0.13 

1.8 

0.8 

61 

0.8 

140 

0.87 

2657 

2975 

42088 

0.15 

2.4 

1.1 

71 

0.9 

160 

1.01 

2625 

2904 

41079 

0.17 

3.2 

1.5 

81 

1.1 

180 

1.14 

2593 

2834 

40087 

0.20 

4.1 

1.9 

92 

1.2 

200 

1.28 

2561 

2765 

39115 

0.22 

5.0 

2.4 

102 

1.4 

220 

1.42 

2530 

2697 

38160 

0.24 

6.1 

2.9 

112 

1.6 

240 

1.56 

2499 

2631 

37224 

0.27 

7.4 

3.5 

123 

1.7 

260 

1.70 

2468 

2566 

36304 

0.29 

8.7 

4.1 

133 

1.9 

280 

1.85 

2437 

2503 

35403 

0.32 

10.2 

4.8 

144 

2.1 

300 

2.00 

2406 

2440 

34520 

0.34 

11.6 

5.6 

155 

2.3 

[ftlbf/in2] 
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8  x  68  S  FMJ  RN,  m  =  220  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2854 

3978 

51053 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.12 

2812 

3859 

49532 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.25 

2769 

3744 

48048 

0.04 

0.3 

0.1 

20 

0.3 

60 

0.37 

2727 

3631 

46602 

0.06 

0.6 

0.2 

30 

0.4 

80 

0.50 

2686 

3521 

45191 

0.09 

1.1 

0.4 

40 

0.5 

100 

0.64 

2644 

3414 

43814 

0.11 

1.6 

0.6 

51 

0.7 

120 

0.77 

2603 

3309 

42470 

0.13 

2.4 

0.8 

61 

0.8 

140 

0.91 

2563 

3207 

41158 

0.16 

3.3 

1.2 

71 

1.0 

160 

1.05 

2523 

3107 

39880 

0.18 

4.3 

1.5 

82 

1.1 

180 

1.19 

2483 

3010 

38634 

0.20 

5.5 

2.0 

92 

1.3 

200 

1.34 

2444 

2915 

37419 

0.23 

6.8 

2.5 

103 

1.5 

220 

1.49 

2405 

2823 

36236 

0.25 

8.3 

3.1 

113 

1.7 

240 

1.64 

2366 

2733 

35083 

0.28 

9.9 

3.7 

124 

1.9 

260 

1.80 

2328 

2646 

33960 

0.30 

11.8 

4.4 

135 

2.1 

280 

1.96 

2290 

2561 

32867 

0.33 

13.8 

5.2 

145 

2.3 

300 

2.13 

2253 

2478 

31804 

0.36 

15.9 

6.1 

156 

2.5 

9.3  x  62  TC,  m  =  247  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2625 

3776 

35866 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.15 

2568 

3614 

34321 

0.02 

0.1 

0.0 

10 

0.2 

40 

0.29 

2511 

3457 

32833 

0.05 

0.4 

0.1 

20 

0.3 

60 

0.45 

2456 

3306 

31400 

0.07 

0.9 

0.2 

30 

0.5 

80 

0.61 

2401 

3161 

30021 

0.10 

1.6 

0.4 

41 

0.6 

100 

0.77 

2348 

3021 

28694 

0.12 

2.6 

0.7 

51 

0.8 

120 

0.94 

2295 

2887 

27418 

0.15 

3.8 

1.0 

61 

1.0 

140 

1.11 

2243 

2758 

26190 

0.17 

5.2 

1.4 

72 

1.2 

160 

1.29 

2192 

2634 

25012 

0.20 

6.8 

1.9 

82 

1.5 

180 

1.48 

2142 

2514 

23880 

0.23 

8.7 

2.5 

93 

1.7 

200 

1.67 

2092 

2400 

22791 

0.26 

10.9 

3.2 

104 

1.9 

220 

1.86 

2044 

2289 

21744 

0.29 

13.3 

3.9 

115 

2.2 

240 

2.07 

1996 

2183 

20734 

0.32 

16.0 

4.8 

126 

2.5 

260 

2.28 

1948 

2081 

19763 

0.35 

19.0 

5.8 

137 

2.8 

280 

2.49 

1902 

1982 

18828 

0.38 

22.2 

6.9 

148 

3.1 

300 

2.72 

1856 

1888 

17929 

0.41 

25.8 

8.1 

159 

3.4 

[ft  lbf/in2] 
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338  Win.  Mag.  jacketed  spitzer,  m  =  250  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2658 

3920 

45632 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.14 

2626 

3828 

44566 

0.02 

0.1 

0.0 

10 

0.1 

40 

0.28 

2595 

3738 

43520 

0.05 

0.2 

0.1 

20 

0.3 

60 

0.43 

2565 

3650 

42495 

0.07 

0.5 

0.2 

30 

0.4 

80 

0.58 

2534 

3564 

41489 

0.09 

0.9 

0.4 

40 

0.6 

100 

0.72 

2504 

3479 

40503 

0.12 

1.3 

0.7 

51 

0.8 

120 

0.88 

2474 

3396 

39537 

0.14 

1.9 

1.0 

61 

0.9 

140 

1.03 

2444 

3315 

38589 

0.16 

2.6 

1.3 

71 

1.1 

160 

1.19 

2414 

3235 

37659 

0.19 

3.5 

1.7 

81 

1.3 

180 

1.35 

2385 

3157 

36747 

0.21 

4.5 

2.2 

92 

1.5 

200 

1.51 

2356 

3080 

35853 

0.24 

5.5 

2.8 

102 

1.6 

220 

1.68 

2327 

3004 

34975 

0.27 

6.7 

3.4 

112 

1.8 

240 

1.84 

2298 

2930 

34115 

0.29 

8.1 

4.1 

123 

2.0 

260 

2.01 

2269 

2858 

33272 

0.32 

9.5 

4.9 

134 

2.2 

280 

2.19 

2241 

2787 

32447 

0.34 

11.1 

5.7 

144 

2.5 

300 

2.36 

2213 

2718 

31639 

0.37 

12.8 

6.7 

155 

2.7 

50  Browning  jacketed  spitzer,  m  =  648  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

2920 

12269 

62484 

0.00 

0.0 

0.0 

0 

0.0 

50 

0.29 

2846 

11658 

59374 

0.05 

0.4 

0.1 

25 

0.3 

100 

0.60 

2774 

11075 

56406 

0.11 

1.2 

0.5 

50 

0.6 

150 

0.91 

2704 

10517 

53564 

0.16 

2.4 

1.2 

76 

1.0 

200 

1.24 

2634 

9982 

50839 

0.22 

4.3 

2.3 

102 

1.3 

250 

1.57 

2565 

9470 

48230 

0.27 

6.7 

3.6 

128 

1.7 

300 

1.92 

2498 

8979 

45732 

0.33 

9.8 

5.4 

154 

2.1 

350 

2.28 

2432 

8509 

43335 

0.39 

13.8 

7.5 

180 

2.6 

400 

2.66 

2366 

8058 

41037 

0.46 

18.1 

10.1 

207 

3.1 

450 

3.05 

2302 

7625 

38834 

0.52 

23.2 

13.1 

234 

3.6 

500 

3.45 

2238 

7209 

36715 

0.59 

29.1 

16.7 

262 

4.1 

550 

3.87 

2175 

6807 

34670 

0.66 

35.4 

20.8 

289 

4.7 

600 

4.31 

2112 

6421 

32699 

0.73 

42.9 

25.4 

317 

5.3 

650 

4.76 

2050 

6048 

30801 

0.80 

50.8 

30.8 

345 

6.0 

700 

5.24 

1988 

5689 

28972 

0.87 

59.8 

36.8 

374 

6.8 

750 

5.73 

1927 

5343 

27211 

0.95 

70.1 

43.6 

403 

7.6 

800 

6.24 

1866 

5010 

25514 

1.03 

80.7 

51.2 

432 

8.4 

[ft  lbf/in2] 


A.  11  Ballistics  tables  (English/U.S.  system)  397 


A.11.4  Old  rifles 


Flintlock  rifle,  18th  century,  .65  in,  m  =  410  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1493 

2039 

6077 

0.00 

0 

0.0 

0 

0.0 

20 

0.47 

1361 

1694 

5049 

0.04 

1 

0.1 

10 

0.5 

40 

1.00 

1246 

1420 

4233 

0.09 

3 

0.4 

21 

1.1 

60 

1.60 

1149 

1207 

3599 

0.14 

7 

0.9 

31 

1.9 

80 

2.28 

1067 

1042 

3105 

0.19 

13 

1.8 

42 

2.8 

100 

3.02 

998 

911 

2715 

0.25 

20 

3.1 

54 

3.9 

120 

3.85 

939 

806 

2402 

0.31 

28 

4.8 

65 

5.2 

140 

4.76 

887 

720 

2147 

0.38 

38 

7.0 

76 

6.7 

160 

5.76 

842 

649 

1934 

0.45 

50 

9.8 

88 

8.3 

180 

6.84 

802 

589 

1755 

0.52 

63 

13.2 

100 

10.1 

200 

8.01 

766 

537 

1602 

0.60 

77 

17.5 

112 

12.2 

220 

9.28 

734 

492 

1468 

0.68 

93 

22.5 

124 

14.4 

240 

10.63 

704 

453 

1350 

0.76 

110 

28.4 

136 

16.9 

260 

12.09 

676 

418 

1246 

0.85 

128 

35.3 

148 

19.5 

280 

13.64 

650 

387 

1153 

0.94 

148 

43.3 

160 

22.5 

300 

15.30 

626 

359 

1069 

1.03 

169 

52.5 

172 

25.6 

Percussion  rifle,  mid-19th-century,  .45  in,  m  =  510  gr 


X 

as 

V 

E 

ED 

t 

Cw 

ys 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbt] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1345 

2046 

12706 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.55 

1312 

1947 

12094 

0.05 

0.4 

0.1 

10 

0.6 

40 

1.12 

1281 

1855 

11524 

0.09 

0.8 

0.4 

20 

1.2 

60 

1.71 

1252 

1771 

11000 

0.14 

2.0 

0.9 

30 

1.8 

80 

2.32 

1224 

1693 

10515 

0.19 

3.5 

1.7 

41 

2.5 

100 

2.95 

1197 

1621 

10069 

0.24 

5.5 

2.7 

51 

3.2 

120 

3.60 

1173 

1555 

9660 

0.29 

7.9 

4.0 

61 

3.9 

140 

4.26 

1150 

1495 

9283 

0.34 

10.6 

5.6 

72 

4.7 

160 

4.95 

1128 

1439 

8939 

0.39 

13.8 

7.4 

82 

5.6 

180 

5.65 

1108 

1389 

8624 

0.45 

17.3 

9.6 

93 

6.4 

200 

6.38 

1090 

1342 

8337 

0.50 

21.3 

12.1 

104 

7.3 

220 

7.12 

1072 

1300 

8073 

0.56 

25.6 

14.9 

114 

8.3 

240 

7.88 

1056 

1261 

7829 

0.61 

30.3 

18.1 

125 

9.3 

260 

8.66 

1041 

1224 

7605 

0.67 

35.4 

21.7 

136 

10.3 

280 

9.46 

1026 

1191 

7398 

0.73 

40.6 

25.6 

147 

11.3 

300 

10.28 

1013 

1160 

7206 

0.79 

46.1 

29.9 

157 

12.4 

[ft  lbf/in2] 
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45-70  U.S.  Government,  m  =  405  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1280 

1470 

9240 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.61 

1249 

1401 

8808 

0.05 

0.4 

0.1 

10 

0.6 

40 

1.24 

1221 

1337 

8408 

0.10 

0.8 

0.4 

20 

1.3 

60 

1.89 

1194 

1279 

8041 

0.15 

2.0 

1.0 

30 

2.0 

80 

2.56 

1168 

1226 

7705 

0.20 

3.5 

1.9 

41 

2.7 

100 

3.25 

1145 

1177 

7399 

0.25 

5.5 

3.0 

51 

3.5 

120 

3.96 

1123 

1132 

7118 

0.30 

7.9 

4.4 

61 

4.3 

140 

4.69 

1103 

1091 

6862 

0.36 

10.6 

6.1 

72 

5.2 

160 

5.44 

1084 

1055 

6630 

0.41 

13.8 

8.1 

82 

6.1 

180 

6.21 

1067 

1021 

6420 

0.47 

17.3 

10.5 

93 

7.0 

200 

7.00 

1050 

990 

6224 

0.52 

21.3 

13.2 

103 

8.0 

220 

7.80 

1035 

961 

6043 

0.58 

25.6 

16.3 

114 

9.0 

240 

8.63 

1020 

934 

5875 

0.64 

29.9 

19.7 

125 

10.0 

260 

9.47 

1007 

909 

5717 

0.70 

34.6 

23.5 

135 

11.1 

280 

10.33 

994 

886 

5570 

0.76 

39.8 

27.8 

146 

12.2 

300 

11.21 

981 

864 

5433 

0.82 

45.3 

32.4 

157 

13.3 

10.4  mm  Vetterli  rifle,  m  =  300  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

1427 

1354 

10282 

0.00 

0.0 

0.0 

0 

0.0 

20 

0.49 

1390 

1285 

9757 

0.04 

0.4 

0.1 

10 

0.5 

40 

1.00 

1355 

1220 

9265 

0.09 

0.8 

0.4 

20 

1.0 

60 

1.53 

1321 

1159 

8803 

0.13 

2.0 

0.8 

30 

1.6 

80 

2.07 

1288 

1102 

8372 

0.18 

3.5 

1.5 

41 

2.2 

100 

2.64 

1257 

1050 

7977 

0.22 

5.5 

2.4 

51 

2.9 

120 

3.22 

1228 

1002 

7612 

0.27 

7.9 

3.6 

62 

3.6 

140 

3.82 

1201 

958 

7278 

0.32 

11.0 

5.0 

72 

4.3 

160 

4.45 

1175 

918 

6972 

0.37 

14.2 

6.7 

83 

5.1 

180 

5.09 

1151 

881 

6690 

0.42 

18.1 

8.7 

93 

5.9 

200 

5.75 

1129 

847 

6434 

0.48 

22.0 

11.0 

104 

6.7 

220 

6.43 

1108 

817 

6201 

0.53 

26.8 

13.6 

115 

7.6 

240 

7.14 

1089 

788 

5988 

0.59 

31.9 

16.6 

126 

8.5 

260 

7.86 

1071 

763 

5792 

0.64 

37.0 

19.9 

136 

9.5 

280 

8.60 

1055 

739 

5613 

0.70 

42.9 

23.5 

147 

10.5 

300 

9.36 

1039 

717 

5448 

0.75 

48.8 

27.5 

158 

11.5 

[ft  lbf/in2] 
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A.11.5  Various 

.177  in  air  pistol,  Diabolo,  m  =  8.2  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

295 

1.58 

64 

0.00 

0.0 

0.0 

0 

0.0 

5 

2.88 

287 

1.49 

61 

0.05 

0.2 

0.2 

3 

3.0 

10 

5.86 

279 

1.41 

57 

0.10 

0.5 

0.6 

5 

6.1 

15 

8.97 

271 

1.33 

54 

0.16 

1.1 

1.3 

8 

9.5 

20 

12.21 

263 

1.25 

51 

0.22 

1.9 

2.3 

10 

13.2 

25 

15.57 

255 

1.18 

48 

0.27 

3.0 

3.6 

13 

17.2 

30 

19.08 

248 

1.11 

45 

0.33 

4.4 

5.4 

15 

21.5 

35 

22.72 

241 

1.05 

43 

0.39 

6.1 

7.6 

18 

26.1 

40 

26.52 

234 

0.99 

40 

0.46 

8.0 

10.2 

21 

31.0 

45 

30.48 

227 

0.93 

38 

0.52 

10.2 

13.3 

24 

36.4 

50 

34.61 

220 

0.88 

36 

0.59 

12.7 

16.9 

26 

42.1 

55 

38.92 

214 

0.83 

34 

0.66 

15.6 

21.1 

29 

48.3 

60 

43.41 

208 

0.78 

32 

0.73 

18.8 

25.9 

32 

54.9 

65 

48.09 

202 

0.74 

30 

0.80 

22.3 

31.4 

35 

62.0 

70 

52.98 

196 

0.70 

28 

0.88 

26.2 

37.6 

37 

69.6 

75 

58.07 

190 

0.66 

27 

0.96 

30.4 

44.7 

40 

77.9 

.177  in  air  rifle, 

Diabolo,  m  = 

8.2  gr 

X 

as 

V 

E 

ED 

t 

Cw 

y» 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

n 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

574 

5.99 

243 

0.00 

0.0 

0.0 

0 

0.0 

5 

0.76 

559 

5.66 

230 

0.03 

0.0 

0.0 

3 

0.8 

10 

1.55 

544 

5.36 

218 

0.05 

0.4 

0.1 

5 

1.6 

15 

2.36 

529 

5.08 

206 

0.08 

1.2 

0.3 

8 

2.5 

20 

3.21 

514 

4.80 

195 

0.11 

2.4 

0.6 

10 

3.5 

25 

4.09 

500 

4.55 

185 

0.14 

3.5 

0.9 

13 

4.5 

30 

5.01 

487 

4.30 

175 

0.17 

5.5 

1.4 

15 

5.6 

35 

5.96 

473 

4.07 

165 

0.20 

7.5 

2.0 

18 

6.8 

40 

6.94 

460 

3.85 

156 

0.23 

9.8 

2.6 

21 

8.0 

45 

7.97 

448 

3.64 

148 

0.27 

12.6 

3.4 

23 

9.4 

50 

9.03 

435 

3.44 

140 

0.30 

15.7 

4.4 

26 

10.9 

55 

10.14 

423 

3.25 

132 

0.34 

18.9 

5.5 

29 

12.4 

60 

11.29 

412 

3.07 

125 

0.37 

22.8 

6.7 

32 

14.1 

65 

12.49 

400 

2.91 

118 

0.41 

27.2 

8.1 

35 

15.9 

70 

13.74 

389 

2.75 

111 

0.45 

31.9 

9.7 

37 

17.8 

75 

15.03 

378 

2.59 

105 

0.49 

37.0 

11.4 

40 

19.9 

[ft  lbf/in2] 
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.177 in  air  rifle,  lead  sphere,  m  =  8.2  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

574 

5.99 

243 

0.00 

0.0 

0.0 

0 

0.0 

5 

0.76 

555 

5.60 

227 

0.03 

0.4 

0.0 

3 

0.8 

10 

1.56 

538 

5.24 

213 

0.05 

0.7 

0.1 

5 

1.6 

15 

2.39 

521 

4.92 

199 

0.08 

1.6 

0.3 

8 

2.6 

20 

3.26 

504 

4.62 

187 

0.11 

3.0 

0.6 

10 

3.6 

25 

4.17 

489 

4.34 

176 

0.14 

4.6 

1.0 

13 

4.6 

30 

5.12 

474 

4.08 

165 

0.17 

6.6 

1.4 

15 

5.8 

35 

6.11 

460 

3.84 

156 

0.21 

8.9 

2.0 

18 

7.1 

40 

7.15 

446 

3.61 

147 

0.24 

11.6 

2.7 

21 

8.5 

45 

8.22 

433 

3.41 

138 

0.27 

14.6 

3.6 

24 

9.9 

50 

9.35 

420 

3.21 

130 

0.31 

18.3 

4.6 

26 

11.5 

55 

10.52 

408 

3.02 

123 

0.34 

22.3 

5.7 

29 

13.2 

60 

11.75 

396 

2.85 

116 

0.38 

26.6 

7.0 

32 

15.0 

65 

13.02 

385 

2.69 

109 

0.42 

31.7 

8.5 

35 

17.0 

70 

14.35 

374 

2.54 

103 

0.46 

36.6 

10.2 

38 

19.0 

75 

15.74 

363 

2.39 

97 

0.50 

42.5 

12.1 

41 

21.3 

.31  in  arrow  (shot  from  a  bow),  m  =  617  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

f] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

229.7 

72.3 

928 

0.00 

0.0 

0.0 

0 

0.0 

5 

4.67 

229.2 

72.0 

924 

0.07 

0.1 

0.2 

3 

4.7 

10 

9.34 

228.8 

71.7 

921 

0.13 

0.2 

0.8 

5 

9.4 

15 

14.03 

228.4 

71.6 

919 

0.20 

0.3 

1.9 

8 

14.1 

20 

18.73 

228.0 

71.3 

915 

0.26 

0.5 

3.3 

10 

18.8 

25 

23.44 

227.7 

71.0 

912 

0.33 

0.6 

5.2 

12 

23.6 

30 

28.16 

227.4 

70.8 

909 

0.39 

0.8 

7.5 

15 

28.4 

35 

32.90 

227.0 

70.6 

906 

0.46 

1.1 

10.2 

17 

33.2 

40 

37.65 

226.6 

70.4 

903 

0.53 

1.4 

13.4 

20 

38.0 

45 

42.42 

226.2 

70.1 

900 

0.59 

1.8 

17.0 

23 

42.8 

50 

47.20 

225.8 

69.9 

897 

0.66 

2.2 

21.0 

25 

47.7 

55 

51.99 

225.4 

69.7 

894 

0.73 

2.7 

25.5 

28 

52.6 

60 

56.80 

225.1 

69.4 

891 

0.79 

3.3 

30.4 

30 

57.6 

65 

61.63 

224.7 

69.2 

888 

0.86 

3.8 

35.7 

33 

62.5 

70 

66.47 

224.3 

69.0 

885 

0.93 

4.4 

41.5 

35 

67.5 

75 

71.33 

223.9 

68.7 

882 

0.99 

5.0 

47.7 

38 

72.5 

[ft  lbf/in2] 
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Cuboid  steel  fragment,  m  =  1.54  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  Ibf] 

P] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

3281 

36.88 

2904 

0.00 

0.0 

0.0 

0 

0.0 

5 

0.03 

2536 

22.11 

1741 

0.01 

0.4 

0.0 

3 

0.0 

10 

0.07 

1934 

12.77 

1006 

0.01 

1.2 

0.0 

5 

0.1 

15 

0.13 

1455 

7.26 

572 

0.02 

2.8 

0.0 

9 

0.2 

20 

0.21 

1106 

4.19 

330 

0.03 

5.9 

0.1 

12 

0.4 

25 

0.35 

881 

2.65 

209 

0.05 

9.8 

0.1 

16 

0.8 

30 

0.54 

720 

1.78 

140 

0.07 

15.7 

0.2 

20 

1.4 

35 

0.82 

595 

1.21 

95 

0.09 

22.8 

0.4 

23 

2.3 

40 

1.21 

494 

0.84 

66 

0.12 

31.9 

0.7 

27 

3.6 

45 

1.73 

411 

0.58 

46 

0.15 

43.3 

1.2 

31 

5.5 

50 

2.44 

344 

0.40 

32 

0.19 

57.1 

2.0 

36 

8.3 

55 

3.41 

287 

0.28 

22 

0.24 

74.4 

3.1 

40 

12.3 

60 

4.72 

241 

0.20 

16 

0.30 

94.9 

4.9 

44 

18.2 

65 

6.48 

202 

0.14 

11 

0.36 

120.1 

7.5 

49 

26.6 

70 

8.87 

169 

0.10 

8 

0.45 

150.4 

11.5 

54 

38.7 

75 

12.09 

142 

0.07 

5 

0.54 

186.6 

17.2 

59 

56.0 

Cuboid  steel  fragment,  m  =  15.4  gr 


X 

as 

V 

E 

ED 

t 

Cw 

y* 

xs 

ad 

[yd] 

[mils] 

[ft/s] 

[ft  lbf] 

P] 

[s] 

[in] 

[in] 

[yd] 

[mils] 

0 

0.00 

3281 

368.8 

6272 

0.00 

0.0 

0.0 

0 

0.0 

5 

0.03 

2917 

291.5 

4957 

0.00 

0.0 

0.0 

3 

0.0 

10 

0.05 

2586 

229.1 

3896 

0.01 

0.4 

0.0 

5 

0.1 

15 

0.09 

2286 

179.0 

3044 

0.02 

1.2 

0.0 

8 

0.1 

20 

0.13 

2015 

139.1 

2366 

0.02 

2.0 

0.0 

11 

0.2 

25 

0.18 

1771 

107.4 

1826 

0.03 

3.5 

0.0 

14 

0.3 

30 

0.24 

1552 

82.5 

1403 

0.04 

5.1 

0.1 

17 

0.4 

35 

0.31 

1358 

63.2 

1075 

0.05 

7.5 

0.1 

20 

0.6 

40 

0.40 

1194 

48.9 

832 

0.06 

10.2 

0.2 

24 

0.8 

45 

0.50 

1062 

38.6 

656 

0.08 

13.8 

0.3 

28 

1.1 

50 

0.63 

954 

31.2 

531 

0.09 

17.7 

0.4 

31 

1.4 

55 

0.78 

864 

25.6 

435 

0.11 

22.4 

0.6 

35 

1.9 

60 

0.97 

786 

21.2 

361 

0.13 

28.0 

0.8 

39 

2.4 

65 

1.19 

717 

17.6 

299 

0.15 

33.9 

1.1 

42 

3.1 

70 

1.44 

656 

14.7 

250 

0.17 

40.9 

1.5 

46 

3.9 

75 

1.74 

601 

12.4 

211 

0.19 

48.4 

1.9 

50 

4.8 

[ftlbf/in2] 


402  Appendix  A:  Tables 


A.12  Shotguns  and  shot 


A.12.1  Calibres  of  shotgun  barrels 


Designation  (“bore”) 

10 

12 

14 

16 

20 

24 

28 

32 

36a 

Diameter  [mm] 

19.3 

18.2 

17.2 

16.8 

15.7 

14.7 

13.8 

12.7 

10.2 

Diameter  [in] 

0.760 

0.717 

0.677 

0.661 

0.618 

0.579 

0.543 

0.500 

0.402 

a  Also  known  as  410  (=  .41  in.). 
b  Minimum  bore  diameter. 


A.12.2  Ballistic  data  for  shot  pellets 


Pellet  0 

[mm] 

Mass 

[g] 

[gr] 

[g/mm2] 

q 

[lb/in2] 

[J] 

E0a 

[ft  lbf] 

[J/mm2] 

EDa 

[ft  lbf/in2] 

414 

0.534 

8.2 

0.0336 

0.0444 

32.7 

24.1 

2.06 

980 

4 

0.375 

5.8 

0.0299 

0.0395 

23.0 

17.0 

1.83 

871 

3Yz 

0.251 

3.9 

0.0261 

0.0345 

15.4 

11.4 

1.60 

761 

3 

0.158 

2.4 

0.0224 

0.0296 

9.7 

7.2 

1.37 

652 

2/2 

0.092 

1.4 

0.0187 

0.0247 

5.6 

4.1 

1.14 

542 

2.41 

0.082 

1.3 

0.0180 

0.0238 

5.0 

3.7 

1.10 

523 

214 

0.067 

1.0 

0.0168 

0.0222 

4.1 

3.0 

1.03 

490 

2 

0.047 

0.7 

0.0149 

0.0197 

2.9 

2.1 

0.92 

438 

The  above  values  are  valid  where  Vo  =  350  m/s. 


A.12.3  Designations  for  buckshot  pellets 


Pellet  0 
[in] 

Mass 

[g] 

US 

GB 

CAN 

B 

NL 

F  D 

0.36 

4.44 

000 

LG 

Posten  II 

0.33 

3.42 

00 

SG 

SSG 

B8 

B8 

Posten  III 

0.32 

3.12 

0 

0.30 

2.57 

1  Buck 

Spec.  LG 

SG 

B6 

B6 

0.27 

1.87 

2  Buck 

B5 

B5 

Posten  IV 

0.25 

1.49 

3  Buck 

SSG 

AAAA 

0.24 

1.32 

4  Buck 

0.23 

1.16 

FF 

0.22 

1.01 

F 

0.21 

0.88 

TT 

0.20 

0.76 

T 

AAA 

AAA 

OV9 

OV9 

5/0  5/0 
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A.12.4  Designations  for  normal  shotgun  pellets:  British/U.S.  system 


A.12.5  Designations  for  normal  shotgun  pellets:  metric  system 


Pellet  0 

Mass 

D 

B 

GB 

F 

NL 

I 

A/PL 

[mm] 

[g] 

Paris 

Lyon 

6.0 

1.26 

PostenlV 

5.75 

1.10 

4/S/G 

5.5 

0.97 

6/0 

3/0 

00 

5.42 

0.93 

5/S/G 

or4Aa 

5.25 

0.84 

5/0 

5/0 

00 

5.15 

0.79 

3Aa 

6/0 

5.0 

0.73 

4/0 

4/0 

0 

1 

4.92/3 

0.69 

AA 

4.75 

0.62 

3/0 

3/0 

1 

2 

4.57/8 

0.55 

5/0 

A 

3/0 

4.50 

0.53 

00 

4Ba 

00 

2 

4 

4.30/2 

0.47 

4/0 

3Ba 

00 

2/0 

4.25 

0.45 

0 

0 

3 

5 

4.06/9 

0.40 

3/0 

BB 

0 
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Pellet  0 

[mm] 

Mass 

[g] 

D 

B 

GB 

F 

Paris 

Lyon 

NL 

I 

A/PL 

4.0 

0.37 

1 

1 

4 

6 

3.90/1 

0.34 

00 

B 

1 

1 

3.75 

0.31 

2 

2 

5 

2 

7 

3.62 

0.28 

0 

1 

3 

2 

3.50 

0.25 

3 

3 

5P 

3.41/3 

0.23 

2 

2 

4 

3 

3.24/5 

0.20 

4 

3 

3 

4 

6 

9 

3.04/5 

0.16 

4 

4 

G6 

4 

3.00 

0.16 

5 

5 

7 

10 

2.87/8 

0.14 

414 

2.79 

0.13 

5 

5 

K6 

5 

2.75 

0.12 

6 

6 

7P 

11 

2.70/2 

0.12 

514 

2.59/60 

0.10 

6 

6 

6 

2.50/1 

0.091 

7 

6'A 

614 

7 

8 

12 

2.41/2 

0.081 

7 

7 

7 

7 

2.25/8 

0.067 

8 

8 

8P 

14 

2.20/1 

0.062 

8 

8 

8 

8 

2.02/3 

0.048 

9 

9 

9 

9 

9 

2.00 

0.046 

9 

9 

1.78 

0.033 

10 

10 

10 

10 

1.75 

0.031 

10 

10 

10 

1.68 

0.028 

11 

11 

11 

1.57 

0.022 

12 

12 

11 

11 

1.50/2 

0.020 

11 

11 

11 

12 

1.25/6 

0.011 

12 

12 

1.00/02 

0.006 

Dust 

Dust 

3  A,  3B  and  4A  are  the  same  as  AAA,  BBB  and  AAAA  respectively. 


B 


Glossary 


B.1  English  =>  German  =>  French 


(f) 


Absolute  value . Betrag  (eines  Vektors)  (m) . valeur  absolue  (f) 

acceleration . Beschleunigung  (f) . acceleration  (f) 

acceleration  due  to  gravity . Erdbeschleunigung  (f) . acceleration  terrestre  (f) 

-  of  free  fall 

acceptance  test . Abnahmepriifung  (f) . epreuve  de  recette  (f) 

accuracy . Prazision  (f) . precision  (f) 

action . Schloss  (n) . batterie  (f) 

action . Verschluss  (m) . sertissage  (m),  culasse  (f) 

fenneture  (f) 

action  face . StoBboden  (m) . bascule  (f),  tonnere  (m) 

action  lever . Verschlusshebel  (m) . levier  de  culasse  (m) 

active  area . Wirkflache  (f) . surface  active  (f) 

addend . Summand  (m) . terme  d'une  addition  (m) 

adjustable  trigger . verstellbarer  Abzug  (m) . detente  reglable  (f) 

adjustment . Justierung  (f),  Einstellung  (f) . reglage  (m) 

adjustment  screw . Einstellschraube  (f) . molette  de  reglage,  vis  de 

aim . visieren . viser,  pointer 

aim . Ziel  (n) . cible  (f) 

aim . zielen . viser 

aiming . Zielen  (n) . pointage  (m),  visee  (f) 

aiming  point . Zielmarke  (f) . chiffre  de  visee 

air  column . Luftsaule  (f) . colonne  d'air  (f) 

air  drag . Luftwiderstand  (m) . resistance  a  fair  (f) 

air  drag  coefficient . Luftwiderstandsbeiwert  (m) . coefficient  de  resistance 

a  l’air  (m) 

air  pistol . Luftpistole  (f) . pistolet  a  air 

(comprime)  (m) 

air  resistance . Luftwiderstand  (m) . resistance  a  fair  (f) 

air  rifle . Luftgewehr  (n) . carabine  a  air  comprime  (f) 

air-rifle  shooting . LuftgewehrschieBen  (n) . tir  a  air  comprime  (m) 

air-pellet . Luftgewehrgeschoss  (n) . plomb  Diabolo  (m) 

ajustable . verstellbar . reglable 

alarm  pistol . Alarmpistole  (f) . pistolet  d'alarme  (m) 


ammunition . 

ammunition  code,  -  marking . 

ammunition  plant . 

. Munition  (f) . 

. Munitionskennzeichnung  (f) . 

. Munitionsfabrik  (f) . 

. munition  (f) 

. marquage  des  munitions  (m) 

. cartoucherie  (f) 

amorphous . 

. amorph . 

. amorphe 

angle . Winkel  (m) . angle  (m) 

angle  of  attack . Auftreffwinkel  (m) . angle  d'arrivee  (m) 

angle  of  departure . Abschusswinkel  (m) . angle  de  projection  (m) 


B.  P.  Kneubuehl  (Ed.)  et  al.,  Wound  Ballistics,  DOl  10.1007/978-3-642-20356-5, 
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angle  of  descent . 

angle  of  incidence . 

angle  of  jump . 

angle  of  projection .... 

angle  of  transition . 

angle  of  twist . 

angular  acceleration .. 
angular  displacement, 
angular  displacement. 

angular  frequency . 

angular  momentum ... 

angular  velocity . 

antimony  lead . 

anvil . 

aperture . 

aperture  foresight . 

aperture  sight . 

approximation . 

arc  of  a  circle . 

archery . 

area  of  extravasation . 

arm . 

armed  lever . 

ascending  branch . 

assault  rifle 

autoloading  shotgun 

autoloading  rifle . 

automatic  fire . 

semi-automatic  pistol 

automatic  rifle . 

automatic  shotgun . 

axis  of  sight . 

axis  of  the  bore . 

axle  of  cylinder . 


Fallwinkel  (m) . 

Anstellwinkel  (m) . 

Abgangsfehlerwinkel  (m).. 

Wurfwinkel  (m) . 

Umschlagwinkel  (m) . 

Drallwinkel  (m) . 

Winkelbeschleunigung  (f). 

Drehwinkel  (m) . 

Drehwinkel  (m) . 

Kreisfrequenz  (f) . 

Drehimpuls  (m) . 

Winkelgeschwindigkeit  (f) 

Hartblei  (n) . 

Amboss  (m) . 

Lochblende  (f) . 

Ringkorn  (n) . 

Diopter  (n) . 

Naherung  (f) . 

Kreisbogenstiick  (n) . 

Bogensport  (m) . 

Zone  der  Extravasation  (f) 

Waffe  (f) . 

Kipphebel  (m) . 

aufsteigender  Ast  (m) . 

Stunngewehr  (n) 

Selbstladeflinte  (f) 

Selbstladegewehr  (n) . 

Seriefeuer  (n) . 

Selbstladepistole  (f) . 

Selbstladegewehr  (n) . 

Selbstladeflinte  (f) . 

Visierlinie  (f) . 

Seelenachse  (f) . 

Trommelachse  (f) . 


angle  de  chute  (m) 
angle  d'incidence  (m) 
angle  de  relevement  (m) 
angle  de  projection  (m) 
angle  de  transition  (m) 
angle  des  rayures  (m) 
acceleration  angulaire  (f) 
deplacement  (m)  angulaire 
rotation  (f) 

frequence  angulaire  (f) 
moment  cinetique  (m) 
vitesse  angulaire  (f) 
plomb  durci  (m) 
enclume  (f) 
oeilleton  (m) 
guidon  annulaire  (m) 
dioptre  (m) 
approximation  (f) 
arc  de  cercle  (m) 
tir  a  bare  (m) 
surface  d'extravasion 
arme  (f) 
culbuteur  (m) 
branche  ascendante  (f) 
fusil  d'assault, 

fusil  mitrailleur  (m) 
fusil  de  chasse 
automatique  (m) 
fusil  automatique  (m) 
rafale  (f),  feu  de  serie  (m) 
pistolet  automatique  (m) 
fusil  automatique  (m) 
fusil  de  chasse  automatique 
ligne  de  mire  (f) 
ante  (f) 

pivot  de  bardlet,  axe  de  -  (m) 


Backlash . 

ball  powder.... 

ballistics . 

bar . 

barrel . 

barrel  axis . 

barrel  length .. 

barrel  rib . 

barrel  time . 

belted  case . 

bending  stress 
berdan  primer 
bevel . 


Abzugsspiel  (n),  Triggerstop  (m) ...  immobilisation  de  detente  (f) 

Kugelpulver  (n) . poudre  spherique  (f) 

Ballistik  (f) . balistique  (f) 

Stange  (f) . tige  (f) 

Lauf  (m) . canon  (m) 

Laufachse  (f) . ante  (f) 

Lauflange  (f) . longueur  du  canon  (f) 

Laufschiene  (f) . bande  (de  visee)  (f) 

Laufdurchgangszeit  (f) . temps  de  parcours 

de  Fame  (m) 

Gurtelhiilse  (f) . douille  a  ceinture  (f) 

Biegespannung  (f) . contrainte  de  flexion  (f) 

Berdanzundhiitchen  (n) . amorce  a  berdan  (f) 

abkanten . rogner 
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big-game  hunting . 

black  powder . 

blank  cartridge . 

blank  cartridge . 

blasting  cap . 

blind  shell . 

blowback . 

blowback  operated  gun 

blowback  system . 

blown  out  primer . 

blue . 

blueing . 

boattail . 

boiling  point . 

bolt . 

bolt . 

bolt . 

bolt  handle . 

bolt  head . 

bore . 

(m) 

bottleneck  case . 

boundary  layer . 

boundary  condition . 

boundary  effect . 

bow . 

brand  in . 

brass  . 

brass-coated . 

brass-plated . 

break-action  gun . 

breech . 

breech  block . 

breech  loader . 

breech  lock . 

brightness . 

brown . 

browning . 

buckshot . 

bulk  modulus . 

bullet,  projectile . 

bullet  jacket . 

bullet  weight . 

burn  in . 

burning  chamber . 

burning  rate . 

burning  rate . 

burst . 

barrel  burst . 


Hochwildjagd  (f) . 

Schwarzpulver  (n) . 

Blindpatrone  (f) . 

Platzpatrone  (f) . 

Sprengkapsel  (f) . 

Blindganger  (m) . 

RiickstoB  (m) . 

RiickstoBlader  (m) . 

Masseverschluss  (m) . 

Zundhiitchenausfaller  (m) 

brtinieren . 

Briinierung  (f) . 

Heckkonus  (m) . 

Siedepunkt  (m) . 

Schloss (n) . 

Riegel  (m) . 

Verschluss  (m) . 

Verschlusshebel  (m) . 

Verschlusskopf  (m) . 

Laufbohrung  (f) . 

Bohrung  (f),  Kaliber  (n) 


grande  chasse  (f) 
poudre  noir  (f) 
cartouche  a  blanc  (f) 
cartouche  a  blanc  (f) 
detonateur  (m) 
rate,  non  eclate 
recul  (m) 

automatique  par  recul 
culasse  a  inertie  (f) 
decapsulage  d'amorce  (m) 
bronzer,  brunir 
bronzage,  brunissage  (m) 
bi-ogivale 

point  d'ebullition  (m) 
batterie  (f) 

verrou  (m),  verrouillage  (m) 
sertissage  (m),  culasse  (f) 
fenneture  (f) 
levier  de  culasse  (m) 
tete  de  culasse  (f) 
alesage  du  canon  (m) 

trou,  per^age  (m)  calibre 


Schulterhiilse  (f) . 

Grenzschicht  (f) . 

Randbedingung  (f) . 

Randeffekt  (m) . 

Bogen (m) . 

einbrennen . 

Messing  (n) . 

vermessingt . 

vermessingt . 

Kipplauf  (m) . 

Schloss  (n),  Verschluss  (m). 

Verschlussblock  (m) . 

Hinterlader  (m) . 

Blockverschluss  (m) 

Lichtstarke  (f) . 

briinieren . 

Briinierung  (f) . 

Postenschrot  (n) . 

Kompressionsmodul  (m) . 

Geschoss  (n) . 

Geschossmantel  (m) . 

Geschossgewicht  (n) . 

einbrennen . 

Brennkammer  (f) . 

Abbrandgeschwindigkeit  (f) 
Brenngeschwindigkeit  (f).... 

platzen . 

Laufsprengung  (f) . 


douille  a  epaulement  (f) 
couche  limite  (f) 
condition  aux  limites  (f) 
effet  aux  limites  (m) 
arc  (m) 

cuire  (au  four) 
laiton  (m) 
laitonne 
laitonne 

canon  basculant  (m) 
batterie  (f)  culasse  (f), 
fenneture  (f) 
bloc  culasse  (m) 
arme  a  chargement  par  la 
culasse 

luminosite  (f) 
bronzer,  brunir 
bronzage,  brunissage  (m) 
chevrotine  (f) 

module  de  compressibilite  (m) 
projectile  (m) 
chemise  (de  projectile)  (f) 
poids  du  projectile  (m) 
cuire  (au  four) 
chambre  de  combustion  (f) 
vitesse  de  combustion  (f) 
vitesse  de  combustion  (f) 
eclater 

eclat  de  canon 
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butt  (of  weapon).... 
butt  (behind  target) 
buttplate . 


Kolben  (Gewehr)  (m) 

Kugelfang  (m) . 

Schaftkappe  (f) . 


crosse  (f) 

pare-balles  (m),  butte  (f) 
plaque  de  couche  (f) 


Cage . 

calibre . 

calibrate . 

calibrated . 

calibrating  press . 

calibration . 

cam . 

cannelure . 

carbine . 

carbon  dioxide . 

carrier . 

cartridge . 

cartridge  belt . 

cartridge  case . 

cartridge  feed . 

case . 

case  head . 

case  neck . 

case  rim . 

case-rupture . 

catch . 

cattle  killer  cartridge . 

cavity . 

centre  of  gravity . 

centre  of  mass . 

centre  of  rotation . 

centre  of  pressure . 

centrefire . 

centrefire  ignition . 

degree  Celsius . 

chamber . 

chamber  burst . 

chamfer . 

chance  of  hit . 

change  of  state . 

charge . 

cheekpiece . 

chilled  shot . 

choke . 

choke-bore . 

choked  barrel . 

choked  fire . 

chrome . 

chromium-plated . 

circular  motion . 

circumferential  velocity 
clay  bird,  clay-pigeon.... 


Treibkafig  (m) . sabot  (m) 

Kaliber  (n) . calibre  (m) 

kalibrieren,  eichen . calibrer,  etalonner 

geeicht . calibre,  etalonne 

Kalibrierpresse  (f) . presse  a  calibrer  (f) 

Eichung  (f) . etalonnage  (m) 

Mitnehmer  (m) . accrochage  (m) 

Nocken  (m)  ergot,  came  (f) 

Wiirgerille  (f) . cannelure  (f) 

Karabiner  (m) . carabine  (f),  mousqueton  (m) 

Kohlendioxid  (n) . dioxyde  de  carbone  (f) 

Ladeloffel  (m) . auget  (m) 

Patrone  (f) . cartouche  (f) 

Patronengurtel  (m) . ceinture  cartouchiere  (f) 

Patronenhulse  (f) . douille  (f) 

Patronenzufuhr  (f) . alimentation  (de  cartouche)  (f) 

Hiilse  (f) . douille  (f) 

Hiilsenboden  (m) . culot  (m) 

Hiilsenhals  (m) . collet  (m) 

Hiilsenrand  (m) . bordure  de  la  douille  (f) 

HiilsenreiBer  (m) . mpture  de  la  douille,  (f) 

Verriegelung  (f) . verrou  (m),  verrouillage  (m) 

Schlachtpatrone  (f) . cartouche  pour  appareils  (f) 

d'abattage  (m) 

Kavitat  (f) . cavite  (f) 

Schwerpunkt  (m) . centre  de  masse  (m) 

.  centre  de  gravite  (m) 

Drehpunkt  (m) . centre  de  rotation  (m) 

Angriffspunkt  der  Druckkrafte  (m) .  centre  de  pression  (m) 

Zentralziindung  (f) . percussion  centrale  (f) 

Zentralfeuerung  (f) . percussion  centrale  (f) 

Grad  Celsius  (m) . degre  Celsius  (m) 

Patronenlager  (n) . chambre  a  cartouches  (f) 

Patronenlagersprengung  (f) . bascule  brisee  (f) 

abkanten . rogner 

Treffererwartung  (f) . probability  de  toucher  (f) 

Zustandsanderung  (th.dyn.)  (f) . changement  d'etat  (m) 

Ladung  (f) . charge  (f) 

Schaftbacke  (f) . busc  (m) 

Hartschrot  (m) . plomb  durci  (m) 

Choke  (m) . choke  (m) 

Chokebohrung  (f) . alesage  du  choke  (m) 

Lauf  mit  Chokebohrung  (m) . canon  avec  choke  (m) 

Schmauchfeuer  (n) 

Chrom  (m) . chrome  (m) 

verchromt . chrome 

Kreisbewegung  (f),  Dreh- . mouvement  circulaire  (m) 

Umfangsgeschwindigkeit  (f) . vitesse  tangentielle  (f) 

Tontaube  (f),  Wurftaube  (f) . pigeon  (d'argile)  (m) 
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cleaning  kit . Reinigungsgerat  (n) . 

closed  physical  system . abgeschlossenes  System  (n) . 

closed  season  arm . Schonzeitwaffe  (f) . 


cock . spannen . 

cocking  lever . Spannhebel  (m) . 

cocking  piece . Spannstiick  (n) . 

coefficient . Beiwert  (m) . 

coercive . zwingend . 

cohesive  force . Kohasivkraft  (f) . 

coil  spring . Spiralfeder  (f) . 

collision . StoB  (physikalisch)  (m) . 

combustion . Verbrennung  (f) . 

competition . Wettkampf  (m) . 

compressibility . Kompressibilitat  (f) . 

compressive  force . Druckkraft  (f) . 

compressive  strain . Druckspannung  (f) . 

continuity  equation . Kontinuitatsgleichung  (f) . 

verification  of  trigger  pull  weight..  Abzugsgewichtkontrolle  (f) 

conversion  rate . Messfolge  (f) 

cook-off . Selbstziindung  (f) . 

coordinate  system . Koordinatensystem  (n) . 

copper . Kupfer  (n) . 

copper-plated . verkupfert . 

counterweight . Laufgewicht  (n) . 

covering . Abdeckung  (f) . 

crack . platzen . 

crest . Helm  (m) . 

critical  defect . kritischer  Fehler  (m) . 

cross  product . Vektorprodukt  (n) . 

cross-section  ratio . Querschnittsverhaltnis  (n) .... 

cross-sectional  area . Querschnittsflache  (f) . 

crosswind . Querwind  (m),  Seiten- . 

crossover . Ubergang  (Zustand)  (m) . 

crossways . quer . 

crystalline . kristallin  (fest) . 

crystalline  structure . Gitterstruktur  (f) . 

cup  wad . Becherpfropfen  (m) . 

curvature . Kriimmung  (f) . 

curved  trajectory . gekrummte  Bahn  (f) . 

cushion  wad . Pfropfen  mit  Dampfung  (m). 

cut  case . HulsenabreiBer  (m) . 

cylinder . Trommel  (f),  Walze  (f) . 

cylinder  bore  (barrel) . Zylinderlauf  (m) . 

cylinder  lock . Kammerverschluss  (m) 


necessaire  de  nettoyage  (m) 
systeme  autonome,  -ferme  (m) 
arme  pour  la  chasse 
fennee  (f) 
armer 

levier  d'armement  (m) 
dispositif  d'armement  (m) 
coefficient  (m) 
obligatoirement 
force  de  cohesion  (f) 
ressort  a  boudin  (m) 
choc  (m) 
combustion  (f) 
competition  (f),  match  (m) 
compressibility  (f) 
force  de  compression  (f) 
contrainte  de  compression  (f) 
equation  de  continuity  (f) 
peson  (m) 

auto-allumage  (m) 
systeme  de  coordonnees  (m) 
cuivre  (m) 
coupre 

contrepoids  (m) 
recouvrement  (m) 
eclater 
casque  (m) 
defaut  critique  (m) 
produit  vectoriel  (m) 
rapport  d'expansion  (m) 
section  (f) 
vent  lateral  (m) 
transition  (f) 
transversal,  lateral 
cristallin 

structure  cristalline  (f) 
bourre  a  cuvette,  -  a  jupe  (f) 
courbure  (f) 
trajectoire  courbe  (f) 
boutTe  a  coussin  (f) 
douille  rompue  (f) 
barillet  (m) 
canon  cylindrique  (m) 


Damascus  barrel . Damastlauf  (m) . canon  damas  (m) 

damp . dampfen . amortir 

damped . gedampft . amorti 

damping . Dampfung  (f) . amortissement  (m) 

finishing  shot . Fangschuss  (m) . coup  de  grace  (m) 

decapper . ZiindhutchenausstoBer  (m) . desamorceur  (m) 

decapping  press . ZiindhutchenausstoBer  (m) . desamorceur  (m) 
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deceleration . Verzogerung  (f) . deceleration  (f) 

deceleration  coefficient . Verzogerungskoeffizient  (m) . coefficient  de  deceleration  (m) 

decreased  velocity . verminderte  Geschwindigkeit  (f)  ...vitesse  reduite  (f) 

deflagration . Deflagration  (f) . deflagration  (f) 

deform . deformieren . deformer 

deformation  projectile . Deformationsgeschoss  (n) . projectile  expansif  (m) 

degree  of  freedom . Freiheitsgrad  (m) . degre  de  liberte  (m) 

delayed  blowback  system . verzogerter  Masseverschluss  (m) ...  culasse  a  ouverture  retardee  (f) 

dense . dicht . etanche,  dense 

density . Dichte  (f) . masse  volumique  (f) 

depression . Unterdruck  (m) . depression  (f) 

derivative . Differenzialquotient  (m) . derivee  (f) 

descending  branch . absteigender  Ast  (m) . branche  descendante  (f) 

detonating  fuze,  detonating  cord....  Sprengschnur  (f) . cordeau  detonant  (m) 

detonation . Detonation  (f) . detonation  (f) 

detonation  rate . Detonationsgeschwindigkeit  (f) . vitesse  de  detonation  (f) 

detonator . Ziinder  (m) . detonateur,  allumeur  (m), 

fusee  (f) 

deviation . Abweichung  (f) . deviation,  ecart  (m) 

deviation  of  point  of  impact . Treffpunktabweichung  (f) . ecart  du  point  d’impact  (m) 

diagonally . diagonal . diagonale 

difference  quotient . Differenzenquotient  (m) . difference  (f) 

differential . Differenzial  (n) . differentiel  (m) 

differential  coefficient . Differenzialquotient  (m) . derivee  (f) 

dilution . Verdiinnung  (f) . dilution  (f) 

dimension . Ausdehnung  (f) . dimension  (f),  extension 

dimensional  analysis . Dimensionanalyse  (f) . analyse  dimensionelle  (f) 

disc . Scheibe  (f) . bague  (f),  cible  (f),  disque  (m) 

disc  powder . Scheibenpulver  (n) . poudre  a  disque  (f) 

dispersion . Streuung  (f) . dispersion  (f),  ecart  (m) 

groupement  (m) 

variation  in  length . Langenstreuung  (f) . dispersion  en  portee  (f) 

displacement . Verdrangung  (f),  Wegdifferenz  (f) ..  deplacement  (m) 

distance . Entfemung  (f) . distance  (f) 

disturbance . Storung  (f) . derangement  (m) 

dog . Mitnehmer  (m) . accrochage  (m) 

dot  product . Skalarprodukt  (Vektoren)  (n) . produit  scalaire  (m) 

double  base  powder . Nitroglycerinpulver  (n) . poudre  a  double  base  (f) 

double  pull  trigger . Druckpunktabzug  (m) . detente  a  bossette  (f) 

double  rifle . Doppelbiichse  (f) . fusil  a  deux  canon  (m) 

double  set  trigger . Steelier  (m) . double  detente  (f) 

double  trigger . Doppelabzug  (m) . double  detente  (f) 

dove  tail . Schwalbenschwanz  (m) . queue  d'arronde  (f) 

drag  coefficient . Widerstandsbeiwert  (m) . coefficient  de  resistance  (m) 

(hilling . Drilling  (m) . drilling, 

fusil  a  trois  canons  (m) 

driving  force . erregende  Kraft  (Schwingung)  (f) ..  force  d'exitation  (f) 

drop . Fallhohe  (f) . hauteur  de  chute  (f) 

dry . hart  (Abzug) . sec 

dry  firing,  dry  practice . Trockentraining  (n) . entrainement  a  sec  (m) 

dry  trigger . trockener  Abzug  (m) . detente  seche  (f) 

dud . Blindganger  (m) . rate,  non  eclate 

dummy  cartridge,  drill  round . Manipulierpatrone  (f) . cartouche  de  manipulation  (f) 
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dustproof 


staubdicht 


etanche  aux  poussieres 


Ear  defenders . 

edged  weapon . 

effect . 

efficiency . 

ejection  port . 

ejector . 

elevation  angle . 

end  of  burning . 

end-burning  velocity .. 

energy . 

energy  assumption . 

energy  balance . 

energy  drop . 

energy  of  rotation . 

energy  release . 

engraving  resistance... 

equations  of  state . 

equations  of  motion.... 

equilibrium . 

equilibrium  of  forces.. 

equipped,  be  -  with . 

exit  hole . 

exit  velocity . 

expansion  ratio . 

explosion  heat . 

explosion  temperature 

extension . 

exterior  ballistics . 

external  force . 

extractor  . 


Gehorschutz  (m) . protection  anti-bruit  (f) 

Blankwaffe  (f) . arme  blanche  (f) 

Wirkung  (f) . effet  (m) 

Wirkungsgrad  (m) . rendement  (m) 

Auswurfoffnung  (f) . ouverture  d'ejection  (f) 

Auswerfer  (m) . ejecteur  (m) 

Erhebungswinkel  (m) . elevation  (f) 

Brennschluss  (m) . fin  de  combustion  (f) 

Brennschlussgeschwindigkeit  (f)  ...vitesse  en  fin  de 

combustion  (f) 

Energie  (f) . energie  (f) 

Energieiibernahme  (f) . gain  d'energie  (m) 

Energiebilanz  (f) . bilan  energetique  (m) 

Energieverlust  (m) . perte  d'energie  (f) 

Drehenergie  (f) . energie  de  rotation  (f) 

Energieabgabe  (f) . dissipation  d'energie  (f) 

Einpresswiderstand  (m) . resistance  a  l'enfoncement  (f) 

Zustandsgleichung  (f) . equation  d'etat  (f) 

Bewegungsgleichungen  (f) . equations  de  mouvement  (f) 

Gleichgewicht  (n) . equilibre  (m) 

Kraftegleichgewicht  (n) . equilibre  des  forces  (m) 

ausgeriistet  sein  mit . equipe  de 

Ausschussloch  (n) . trou  de  sortie  du  projectile  (m) 

Austrittsgeschwindigkeit  (f) . vitesse  de  sortie  (f) 

Entspannungsverhaltnis  (n) . rapport  de  detente  (m) 

Explosionswarme  (f) . chaleur  d'explosion  (f) 

Explosionstemperatui'  (f) . temperature  d'explosion  (f) 

Auslenkung  (f) . deviation  (f),  ecart 

AuBenballistik  (f) . balistique  exterieure  (f) 

erregende  Kraft  (Schwingung)  (f).. force  d'exitation  (f) 
Auszieher  (m) . extracteur  (m) 


Face . 

failure  . 

fall  . 

falling  block  bolt  action 

fastening  element . 

feed  lever . 

feed  system . 

feedback . 

feeder . 

final  position . 

final  velocity . 

fire  . 

firing  from  closed  bolt... 

firing  from  open  bolt . 

firing  pin . 

firing  pin . 

firing  pin  spring . 

firing  table . 


Stirnflache  (f) . 

Versager  (m) . 

Neigung  (f) . 

Fallblockverschluss  (m) . 

Befestigungselement  (n) . 

Zubringerhebel  (m) . 

Zufuhrsystem  (n) . 

Ruckkopplung  (f) . 

Ladeloffel  (m) . 

Endlage  (f) . 

Zielgeschwindigkeit  (f),  End- 

SchieBen  (n) . 

aufschieBend . 

zuschieBend . 

Schlagbolzen  (m) . 

Ziindstift  (m) . 

Schlagbolzenfeder  (f) . 

Schusstafel  (f) . 


face  (f) 
rate  (m) 
pente  (f) 

culasse  a  bloc  basculant  (f) 
element  d'attache  (m) 
auget  (m) 

systeme  d'alimentation  (m) 
retroaction  (f) 
auget  (m) 
position  finale  (f) 
vitesse  terminale  (f) 
tir  (m) 

tirer  a  culasse  fermee 
tirer  a  culasse  ouverte 
marteau,  percuteur  (m) 
pointeau  d'amor$age  (m), 
poinpon  (m) 

ressort  de  percuteur  (m) 
table  de  tir  (f) 
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flake  powder . 

flare . 

flash  hider . 

flash  hole . 

flat-nose  bullet . 

flat  trajectory . 

flier . 

flintlock . 

flintlock  ignition . 

flow . 

flow  against . 

flow  cross-section . 

flow  resistance . 

fluid  dynamics . 

fluid  motion . 

fluid  velocity . 

fold  crimp . 

follower  lever . 

forced  oscillation . 

fore-end . 

forearm . 

foresight . 

foresight  base . 

foresight  protector . 

fragment . 

fragmentating  projectile 

frame . 

frame  of  reference . 

freezing  point . 

frequency  of  rotation . 

frequency  response . 

friction  coefficient . 

friction  sensitivity . 

frictional  force . 

frictionless . 

foresight  ramp . 

boundary  frequency . 

fulcrum . 

full  automatic  fire . 

full  choke . 

full  choked  barrel . 

full  metal  jacket  bullet... 

funnel-shaped . 

fuze . 


Blattchenpulver  (n) . poudre  a  paillettes  (f) 

Leuchtgeschoss  (n) . balle  eclairante  (f) 

Feuerscheindampfer  (m) . cache-flamme  (m) 

Ziindkanal  (m) . cheminee  (f) 

Flachkopfgeschoss  (n) . balle  nez  plat  (f) 

gestreckte  Flugbahn  (f) . trajectoire  tendue  (f) 

Randschrot  (m) . 

Steinschloss  (n) . platine  a  silex  (f) 

Steinschlossziindung  (f) . percussion  a  silex  (f) 

Stromung  (f) . ecoulement,  flux  (m) 

anstromen . ecouler 

Stromungsquerschnitt  (f) . section  d'ecoulement  (f) 

Stromungswiderstand  (m) . resistance  a  l'ecoulement  (f) 

Fluiddynamik  (f) . dynamique  des  fluides  (f) 

Fluss  (m) . flux  (m) 

Stromungsgeschwindigkeit  (f) . vitesse  d'ecoulement  (f) 

Sternverschluss  (m) . fermeture  etoile,  -  stellaire  (f) 

Zubringerhebel  (m) . auget  (m) 

erzwungene  Schwingung  (f) . oscillation  forcee  (f) 

Vorderschaft  (m) . devant,  fut  (m) 

Vorderschaft  (m) . devant,  fut  (m) 

Korn  (n) . guidon  (m) 

Korntrager  (m) . porte-guidon  (m) 

Komschutz  (m) . protege-guidon  (m) 

Splitter  (Geschoss)  (m) . eclat  (projectile)  (m) 

Zerlegungsgeschoss  (n) . projectile  a  fragmentation  (m) 

Rahmen  (m) . carcasse  (f) 

Bezugssystem  (n) . systeme  de  reference  (m) 

Erstarrungspunkt  (m) . point  de  solidification  (m) 

Drehfrequenz  (f) . frequence  de  rotation  (f) 

Frequenzgang  (m) . bande  passante  (f) 

Reibungszahl  (f) . coefficient  de  frottement  (m) 

Reibempfindlichkeit  (Spr.st.)  (f) ....  sensibilite  au  frottement  (f) 

Reibungskraft  (f) . force  de  frottement  (f) 

reibungsfrei . sans  frottement 

Komsattel  (m) . porte-guidon  (m) 

Grenzfrequenz  (f) . frequence  limite  (f) 

Drehpunkt  (Flebel)  (m) . articulation,  pivot  (m) 

Dauerfeuer  (n) . feu  en  rafales  (m) 

Vollchoke  (m) . plein  choke 

Vollchokelauf  (m) . canon  a  plein  choke  (m) 

Vollmantelgeschoss  (n) . balle  chemisee  (f) 

trichterformig . en  forme  d'entonnoir 

Ziinder  (m) . detonateur,  allumeur  (m), 

fusee  (f) 


Game . Wild  (n) . gibier  (m) 

gap . Spalt  (m) . fente  (f) 

gas  constant  R . Gaskonstante  R  (f) . constante  des  gaz  parfaits  (f) 

gas  operated  weapon . Gasdrucklader  (m) . arme  fonctionnant  par 

emprunt  de  gas 

gas  port . Gasentnahmediise  (f) . event  (m) 

gas  pressure . Gasdruck  (m) . pression  de  gaz  (f) 
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gaseous . gasformig . gazeux 

gauge  (Schrot) . Kaliber  (n) . calibre  (m) 

gauge  pressure . Uberdruck  (bez.  Atmosphare)  (m)  ..  surpression  (f) 

gear  (notch) . Schaltzahn  (Revolver)  (m) . dent  de  rochet  (f) 

gilding  metal . Tombak  (m) . tombac  (m) 

groove . Nut  (f) . encoche  (f) 

groove  depth . Zugtiefe  (f) . profondeur  de  rayure  (f) 

grooves . Ziige  (mp) . rayage,  rayure  (f) 

gun . Waffe  (f),  Gewehr  (n) . anne  (f),  fusil  (m) 

gun  case . Waffenkoffer  (m) . valise  pour  arme  (f) 

gunpowder . SchieBpulver  (n) . poudre  (f) 

barrel  wear . Laufabnutzung  (f) . usure  du  canon  (f) 

gunmaker . Buchsenmacher  (m) . armurier  (m) 

gunshot  residue . Schmauchspuren  (fp) . residues  de  tir  (mp) 

gunsmith . Buchsenmacher  (m) . armurier  (m) 

.  effet  gyroscopique  (m) 

.  gyroscope  (m) 


gyro  effect . 

gyroscope . 

Hair  trigger . 

. Kreiseleffekt  (m) . 

. Kreisel  (m) . 

. Stecher  (m) . 

hair  trigger  lock . 

. Stecherschloss  (n) . 

hammer . 

. Hahn  (m) . 

hammer . 

. Hammer  (m),  Schlagstiick  (n) . 

hammer . 

. hammern . 

hammering . 

. Hammerung  (f) . 

handgun . 

. Faustfeuerwaffe  (f) . 

hand  support . 

. Handstiitze  (f) . 

hand-grenade . 

. Handgranate  (f) . 

handicraft . 

. Handarbeit  (f) . 

handloading . 

. Wiederladen  (n) . 

hard  shot . 

. Hartschrot  (m) . 

. Harte  (f) . 

harmonic  motion . 

. harmonische  Schwingung  (f) . 

head-first . 

. kopfvoran . 

heat . 

. Warmeenergie  (f) . 

heat  of  formation . 

. Bildungsenergie  (thermodyn.)  (f)... 

heating . 

. Erhitzung  (f) . 

helical  spring . 

. Spiralfeder  (f) . 

helmet . 

. Helm  (m) . 

high-power  cartridge . 

. Hochleistungspatrone  (f) . 

hit” . ' . 

. Treffer  (m) . 

platine  a  double  detente  (f) 

chien  (m) 

marteau  (m) 

marteler 

martelage  (m) 

arme  de  poing  (f) 

champignon,  pommeau  (m) 

grenade  a  main  (f) 

travail  a  la  main,  -manuel  (m) 

rechargement  (m) 

balle  noyau  dure, 

-  perforante  (f) 
plomb  durci  (m) 
durete  (f) 

oscillation  harmonique  (f) 
la  tete  la  premiere 
chaleur  (f) 

chaleur  de  formation  (f) 
echauffement  (m) 
ressort  a  boudin  (m) 
casque  (m) 
hexogene  (m) 


.  coup  portant,  touche  (m) 

hole . Loch  (n) . trou 

hollow . hold . creux 

hollow  charge . Hohlladung  (f) . charge  creuse  (f) 

hollow-point  bullet . Hohlspitzgeschoss  (n) . balle  a  pointe  creuse  (f) 

hood . Haube  (f) . coiffe,  calotte 

hunting . Jagd  (f) . chasse  (f) 

hunting  knife . Jagdmesser  (n) . couteau  de  chasse  (m) 

hunting  shooting . jagdliches  Schiefien  (n) . tir  de  chasse  (m) 

hunting  weapoin . Jagdwaffe  (f) . arme  de  chasse  (f) 
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Igniter  cord . 

ignition! system) . 

ignitor . 

impact . 

impact  fuze . 

impact  sensitivity . 

impact  time . 

incendiary  bullet . 

incendiary  compound . 

inch . 

incident  mass . 

incompressible . 

induce . 

inertia . 

initial  position . 

initial  resistance . 

initial  velocity . 

insert  foresight, . 

interchangeable  barrel . 

interchangeable  foresight 

intermediate  ballistics . 

inviscid . 


Anziindlitze  (f) . 

Ziindung  (f) . 

Ziinder  (m) . 

Einschlag  (m) . 

Aufschlagziinder  (m) . 

Schlagempfmdlichkeit  (f).... 

StoBzeit  (f) . 

Brandgeschoss (n) . 

Brandsatz  (m) . 

Zoll  (MaBeinheit)  (m) . 

eintretende  Masse  (f) . 

dichtebestandig . 

anregen  . 

Tragheit  (f) . 

Anfangslage  (f) . 

Ausziehwiderstand  (m) . 

Anfangsgeschwindigkeit  (f) 

Wechselkorn  (n) . 

Wechsellauf  (m) . 

Wechselkorn  (n) . 

Abgangsballistik  (f) . 

reibungsfrei . 


cordon  d'allumage  (m) 
amorpage  (m),  percussion  (f) 
allumage  (m) 

detonateur,  allumeur  (m), 
fusee  (f) 
impact  (m) 
fusee  percutante  (f) 
sensibilite  a  l'impact  (f) 
duree  du  choc  (f) 
balle  incendiaire  (f) 
matiere  incendiaire  (f) 
pouce  (m)  (mesure) 
masse  incidente  (f) 
incompressible 
induire,  provoquer 
inertie  (f) 
position  initiale  (f) 
resistance  d'extraction  (f) 
vitesse  initiale  (f) 
guidon  interchangeable  (m) 
canon  interchangable  (m) 
guidon  interchangeable  (m) 
balistique  intermediate  (f) 
sans  frottement 


Jacket . Mantel  (m) . manteau  (m),  chemise  (f) 

jacketed . ummantelt . blinde 

jacketed  bullet . Mantelgeschoss  (n) . balle  chemisee  (f) 


Keyhole . Querschlager  (m) . ricochet  (m) 

kinematic  viscosity . kinematische  Zahigkeit  (f) . viscosite  cinematique  (f) 

kinetic  energy . Bewegungsenergie  (f) . energie  cinetique  (f) 

kinetische  Energie  (f) 

kneeling . kniend . a  genoux 

knurling . Randrierung  (f) . cannelure  (f) 


Laminated  powder . Blattchenpulver  (n) . poudre  a  paillettes  (f) 

laminated  spring . Blattfeder  (f) . ressort  a  lame  (m) 

land  diameter . Felddurchmesser  (m) . diametre  du  champ  des 

rayures  (m) 

lands . Felder  (np) . champs  des  rayures  (m) 

lanyard . Riemen  (m) . bretelle  (f) 

large  body . ausgedehnter  Korper  (m) . volumineux 

latch . Riegel  (m),  Verriegelung  (f) . verrou  (m),  veirouillage  (m) 

latching . Verriegelung  (f) . verrou  (m),  verrouillage  (m) 


lateral . 

. seitlich . 

. lateral 

lateral  dispersion . 

. Seitenstreuung  (f) . 

. dispersion  lateral  (f) 

lateral  spread . 

. Seitenstreuung  (f) . 

. dispersion  lateral  (f) 

lattice  linkage  force . 

. Gitterbindungskraft  (f) . 

. force  de  cohesion 

law  of  conservation . 

. Erhaltungssatz  (m) . 

moleculaire  (f) 

. loi  de  conservation  (f) 
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law  of  conservation  of  momentum  Impulssatz  (m) 


lead . 

lead  azide . 

lead  fouled  barrel 
lead  styphnate . 


Blet  (n) 

Bleiazid  (n) . 

Laufverbleiung  (f) 
Bleitrizinat  (n) . 


leaded,  lead  fouled . verbleit . 

length . Lange  (f) . 

length  deviation . Langenabweichung  (f) 

length  of  sight,  -of  sighting  line . Visierlange  (f) . 


lever . 

lever  action  gun . 

. Hebei  (m) . 

. Unterhebelrepetierer  (m) . 

lever  arm . 

. Hebelarm  (m) . 

lift  force . 

. Auftriebskraft  (f) . 

limiting  velocity . 

. Grenzgeschwindigkeit  (f) . 

line  of  action . 

. Wirkungslinie.-richtung  (f) . 

line  of  departure . 

. Schussrichtung  (f) . 

line  of  sight . 

. Visierlinie  (f) . 

linear  deviation . 

. Langenabweichung  (f) . 

linear  momentum . 

. Impuls  (m) . 

strain . 

. Dehnung  (f) . 

liquid . 

. fliissig . 

liquid  propellant  rocket . 

. Fltissigtreibstoff-Rakete  (f) . 

loading  density 
lock 
lock 
lock 


Ladedichte  (f) ... 

Schloss  (n) . 

Verriegelung  (f) 
Verschluss  (m) . 


lock  plate . 

locked . 

locking  groove . 

locking  lever . 

locking  lug . 

low-pass  filter . 

lug . 

lug . 

lug-locking  system 


Schlosstrager  (m) . 

verriegelt . 

Verriegelungsnut  (f) . 

Verschlusshebel  (m) . 

Verriegelungswarze  (f) . 

Tiefpassfilter  (n) . 

Nase  (f) . 

Nocken  (m),  Vorsprung  (m) 
Warzenverriegelung  (f) . 


loi  de  la  conservation  de  la 
quantite  de 
mouvement  (f) 
plomb  (m) 
azoture  de  plomb  (f) 
plombage  du  canon  (m) 
trinitroresorcinate 
de  plomb  (m) 
plombe 
longueur  (f) 
ecart  en  portee  (m) 
longueur  de  la  visee,  (f) 

-  de  la  ligne  de  mire  (f) 
levier  (m) 

fusil  a  levier  de  sous-garde  (m) 
bras  de  levier  (m) 
portance  (f) 

coefficient  de  portance  (m) 
vitesse  limite  (f) 
cintrer 

direction  de  tir  (f) 
ligne  de  mire  (f) 
ecart  en  portee  (m) 
quantite  de  mouvement  (f) 
allongement  (m),  dilatation  (f) 
liquide 

roquette  a  propulsion 
liquide  (f) 

densite  de  chargement  (f) 
batterie  (f) 

verrou  (m),  verrouillage  (m) 
sertissage  (m),  culasse  (f) 
fenneture  (f) 
platine  (f) 
verrouille 

encoche  de  verrouillage  (f) 
levier  de  culasse  (m) 
tenon  (m) 
fibre  passe-bas  (m) 
ergot  (m) 
came  (f) 


Machine  gun . Maschinengewehr  (n) 

machine  pistol . Maschinenpistole  (f).. 

magazine . Magazin  (n) . 

magazine  follower,  follower . Zubringer  (m) . 


magazine  housing 
magazine  spring .. 

main  defect . 

main  spring . 

mark . 


Magazingehause  (n) 

Magazinfeder  (f) . 

Hauptfehler  (m) . 

Schlagfeder  (f) . 

Stempel  (m) . 


mitrailleuse  (f) 
pistolet  mitrailleur  (m) 
chargeur,  magasin  (m) 
auget,  chargeur,  (m) 
transporteur  (m) 
puits  du  chargeur  (m) 
ressort  du  chargeur  (m) 
defaut  majeur  (m) 
ressort  de  percussion  (m) 
poin^on  (m) 
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mass  element . 

mass  flow . 

match . 

match . 

match . 

match  rifle . 

match-lock . 

match-trigger . 

material  composition . 

maximum  amplitude . 

maximum  pressure . 

mean . 

mean  deviation . 

mean  radius  (of  dispersion) 

measure  in  radians . 

measurement  techniques .... 

measured  quantity . 

melting  point . 

mercury  fulminate . 

micrometer  sight . 

misfire . 

missile . 


modified  choked  barrel . 

modulus  of  elasticity . 

moment  of  a  force . 

moment  of  inertia . 

moment  of  momentum . 

rotation . 

mushroom . 

muzzle . 

muzzle  blast . 

muzzle  brake . 

muzzle  energy . 

muzzle  flash  (secondary  -) 
muzzle  loader . 

muzzle  momentum . 

muzzle  velocity . 


Masseteilchen  (n) . 

austretende  Masse  (f) . 

Lunte  (f) . 

Wettkampf  (m) . 

Ziindschnur  (f) . 

Wettkampfgewehr  (n) . 

Luntenschloss  (n) . 

Matchabzug  (m) . 

stoffliche  Zusammensetzung  (f) 

Schwingungsbauch  (m) . 

Maximaldruck  (m) . 

Mittelwert  (m) . 

mittlere  Abweichung  (f) . 

mittlerer  Streukreisradius  (m) ... 

BogenmaB  (n),  im  -  messen . 

Messtechnik  (f) . 

MessgroBe  (f) . 

Schmelzpunkt  (m) . 

Knallquecksilber  (n) . 

Mikrometerdiopter  (m) . 

Versager  (m) . 

Rakete  (f) . 


Halbchokelauf  (m) . 

Elastizitatsmodul  (m) . 

Drehmoment  (n) . 

Tragheitsmoment  (n) . 

Drehimpuls  (m) . 

Rotationsbewegung  (f) . 

aufpilzen . 

Miindung  (f) . 

Miindungsknall  (m) . 

Miindungsbremse  (f) . 

Miindungsenergie  (f) . 

Mitndungsfeuer  (n) . 

Vorderlader  (m) . 

Miindungsimpuls  (m) . 

Miindungsgeschwindigkeit  (f) 


elements  de  masse  (m) 
flux  de  masse  (m) 
meche  (f) 

competition  (f),  match  (m) 
cordon  allumeur  (m) 
carabine  de  competition  (m) 
platine  a  meche  (f) 
detente  de  match  (f) 
composition  (chimique)  (f) 
amplitude  maximale  (f) 
pression  maximale  (f) 
moyenne  (f) 
ecart  moyen  (m) 
rayon  moyen  de  groupe- 
ment  (m) 

mesurer  en  radians 
technique  de  mesure  (f) 
grandeur  mesuree  (f) 
point  de  fusion  (m) 
fulminate  de  mercure  (m) 
dioptre  micrometrique  (m) 
rate  (m) 

fusee  (f),  missile  (m), 
roquette  (f) 

canon  a  demi  choke  (m) 
module  d'elasticite  (m) 
moment  (m) 
moment  d'inertie  (m) 
moment  cinetique  (m) 
mouvement  de  rotation  (m) 
epanouir  en  forme  de 
champignon 
bouche  (f) 
bruit  de  bouche  (m) 
frein  de  bouche  (m) 
energie  de  bouche  (f) 
feu  de  bouche  (m) 
arme  (f)  a  chargement  par 
la  bouche 

quantite  de  mouvement 
initiale  (f) 
vitesse  initiale  (f) 


NatTow . 

narrow  channel . 

natural . 

natural  frequency . 

negative  gauge  pressure . 
Newton's  laws  of  motion 

nickel . 

nickel(plated)  shot . 

nickel-plated . 

notch . 


eng . etroit 

gerader  Einschusskanal  (m) . canal  etroit  incurve 

gesetzmaBig . naturel,  legitime 

Eigenfrequenz  (f) . frequence  propre  (f) 

Unterdnrck  (bez.  Atmosphare)  (m) .  depression  (f) 

Newton'sche  Axiome  (np) . axiomes  de  Newton  (m) 

Nickel  (m) . nickel  (m) 

Nickelschrot  (m) . plomb  nickele  (m) 

vernickelt . nickele 

Kerbe  (f),  Kimme  (f) . encoche  (f),  hausse  (f). 


B.  1  English  =>  German  =>  French  4 1 7 


.  cran  de  mire  (m) 

nozzle . Duse  (f) . tuyere  (f) 

numerical  value . Zahlenwert  (m) . valeur  numerique  (f) 

nut . Mutter  (f),  Schraubenmutter  (f) . ecrou  (m) 

nutation . Nutation  (f) . nutation  (f) 


Object . Ziel  (n) . cible  (f) 


octogen . 

..  Oktogen  (n) . 

. octogene  (m) 

octogonal . 

..  achtkantig . 

. octogonal 

octogonal  barrel . 

..  Achtkantlauf  (m) . 

. canon  octogonal  (m) 

off-flow  angle . 

..  Abstromwinkel  (m) . 

. angle  de  separation  (m) 

open  sight . 

..  offene  Visierung  (f) . 

. visee  ouverte  (f) 

opposite . 

..  entgegengesetzt  gleich . 

. oppose,  de  signe  contraire 

order  of  magnitude . 

..  GroBenordnung  (f) . 

. ordre  de  grandeur  (m) 

overdamped . 

..  stark  gedampft . 

. suramorti 

overshooting . 

..  iiberschwingen . 

. surosciller 

overturn . 

..  kippen,  umkippen . 

. basculer,  renverser 

overturning  moment . 

..  Kippmoment  (n) . 

. moment  de 

overturning  moment  coefficient.. 

...  Momentenbeiwert  (m) . 

basculement  (m) 

. coefficient  du  moment 

de  basculement  (m) 

oxidated,  oxidized . verrostet . rouille 


Packing . 

palm  support . 

paper  patch . 

parabolic . 

parameter . 

partial  rotation . 

pass,  overtake . 

pattern . 

peep . 

penetration . 

penetration  capacity 

penetration  depth . 

penetration  power.... 
percussion  ignition .. 

percussion  rifle . 

permanent  cavity . 

permanent  cavity . 

perpendicular . 

petard . 

phenomenon . 

physical  pendulum .. 

picric  acid . 

pin . 

pin  fire  (ignition) . 

pin  fire  ignition . 

pistol . 

pistol  cartridge . 

pistol  grip . 

pistol  shooter . 

piston . 


Verpackung  (f) . 

Handballenauflage  (f) . 

Papiemmwicklung  (f) . 

parabelformig . 

Kennwert  (m) . 

Teildrehung  (f) . 

iiberholen . 

Trefferbild  (n) . 

Loch  (n) . 

Durchschlag  (m) . 

Eindringvermogen  (n) . 

Eindringtiefe  (f) . 

Durchschlagskraft  (f) . 

Perkussionsziindung  (f) . . . . 

Perkussionsgewehr  (n) . 

Wundhohle  (f) . 

bleibende  Wundhohle  (f).. 

vertikal . 

Knallpatrone  (f) . 

Erscheinung  (f) . 

physikalisches  Pendel  (n) . 

Pikrinsaure  (f) . 

Stift  (m) . 

Stiftziindung  (f) . 

Lefaucheuxziindung  (f) .... 

Pistole  (f) . 

Pistolenpatrone  (f) . 

Pistolengriff  (m) . 

Pistolenschiitze  (m) . 

Kolben,  Dmckkolben  (m) 


emballage  (m) 

appui  paume  (m),  repose- 

enveloppe  de  papier  (f) 

parabolique 

parametre  (m) 

rotation  partielle  (f) 

depasser 

image  des  touches  (f) 
trou  (m) 
penetration  (f) 
pouvoir  de  penetration  (m) 
profondeur  de  penetration  (f) 
puissance  de  perforation  (f) 
percussion  a  capsule  (f) 
fusil  a  percussion  (m) 
cavite  permanente  (f) 
cavite  permanente  (f) 
vertical 
petard  (m) 
phenomene  (m) 
pendule  physique  (m) 
acide  picrique  (m) 
goupille  (f) 

percussion  a  broche  (f) 
percussion  a  broche  (f) 
pistolet  (f) 

cartouche  pour  pistolets  (f) 
poignee  pistolet,  crosse  -  (f) 
pistolier  (m) 
piston  (m) 
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pitch . 

pitching . 

pivot . 

pivot  friction . 

plane . 

plastic  case . 

plastic  cup  wad . 

plastic  shotshell . 

plastic  wad . 

plate . 

point  of  aim . 

point  of  impact . 

point  of  separation . 

pointed  bullet . 

post  sight . 

potassium  chlorate . 

potassium  nitrate . 

potassium  sulphide . 

potential  energy . 

powder . 

powder  scale . 

power . 

practice  ammunition . 

sign . 

precession . 

precision . 

precursor . 

predetermined  breaking  point 

pressure  . 

pressure  drag . 

pressure  energy . 

pressure  gauge . 


pressure  gradient . 

pressure  transducer . 

primary  (muzzle)  flash . 

primer  cap . 

primer  composition . 

primer  sensitivity . 

progressive  burning  powder, 

progressive  twist . 

prone . 

proof  firing . 

proof  mark . 

propellant . 

proper  motion . 

ratio  of  forces . 

pull  (the  trigger) . 

pulse  duration . 

quantity  of  heat . 


kippen . basculer 

Querstehen  (n) . se  mettre  en  travers 

Schwenkachse  (f) . pivot  (m) 

Lagerreibung  (f) . friction  (f)  du  pivot 

ebene  Platte  (f) . plan  (m),  plaque  plane  (f) 

Plastikhiilse  (f) . douille  (en)  plastique  (f) 

Plastikbecherpfropfen  (m) . bourre  a  jupe  en  plastique  (f) 

Plastikschrotpatrone  (f) . cartouche  de  chasse  en 

plastique  (f) 

Plastikpfropfen  (m) . bourre  en  plastique  (f) 

ebene  Platte  (f) . plan  (m),  plaque  plane  (f) 

Haltepunkt  (m) . point  de  mire  (m) 

Auftreffpunkt,  Treffpunkt  (m) . point  d’impact  (m) 

Ablosepunkt  (Grenzschicht)  (m)....  point  de  separation  (m) 

Spitzgeschoss  (n) . balle  pointue  (f) 

Balkenkorn  (n) . guidon  a  lame  rectangulaire  (m) 

Kaliumchlorat  (n) . chlorate  de  potassium  (m) 

Kaliumnitrat  (n) . nitrate  de  potassium  (m) 

Kaliumsulftd  (n) . sulphide  de  potassium  (m) 

potenzielle  Energie  (f) . energie  potentielle  (f) 

Pulver  (n) . poudre  (f) 

Pulverwaage  (f) . balance  a  poudre  (f) 

Leistung  (physikalisch)  (f) . puissance  (f) 

Ubungsmunition . munition  d'exercice  (f) 

Vorzeichen  (n) . signe  (m) 

Prazession  (f) . precession  (f) 

Prazision  (f) . precision  (f) 

Vorlaufer  (m) . precurseur  (m) 

Sollbruchstelle  (f) . amorce  de  rupture  (f) 

Druck  (m) . pression  (f) 

Dmckwiderstand  (m) . resistance  a  la  compression  (f) 

Druckenergie  (f) . energie  de  compression  (f) 

Druckaufnehmer  (m) . jauge  de  pression  (f) 

Gasdruckmesser  (m) 

Druckgefalle  (n) . gradient  de  pression  (m) 

Druckgeber  (m) . transducteur  de  pression  (m) 

Feuer  aus  Mundimg  (n) . feu  de  bouche  (m) 

Ziindhutchen  (n) . capsule  d'amorqage  (f) 

Ziindsatz  (m) . composition  d'amorgage  (f) 

Zundhiitchenempfmdlichkeit  (f)  ....sensibilite  d'amorce  (f) 

progressives  Pulver  (n) . poudre  progressive  (f) 

progressiver  Drall  (m) . pas  progressif  (m) 

liegend . couche 

Beschussprobe  (f) . epreuve  (f) 

Beschussstempel  (m) . poingon  d'epreuve  (m) 

Treibmittel  (n) . charge  propulsive  (f) 

Eigenbewegung  (f) . mouvement  propre  (m) 

Krafteverhaltnis  (n) . rapport  des  forces  (m) 

Abziehen  (n) . depart  (m) 

Pulsdauer  (f) . duree  de  pulsation  (f) 

Warmemenge  (f) . quantite  de  chaleur  (f) 


Range. 


Schussdistanz,  Schussweite  (f) . portee  (f) 
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range . 

range  table . 

ranging . 

rapid-fire  pistol . 

rate  of  fire . 

ratio . 

rear  sight . 

rear  sight  slide . 

return  spring . 

recaper . 

recapping  press . 

receiver . 

receiver . 

recoil . 

recoil  energy . 

recoil  operated  gun . 

recoil  pad,  recoil  reducer. 

recuperator  spring . 

reference  plane . 

reference  point . 

reference  value . 

relation . 

relaxation  time . 

release  the  safety  catch.... 

reloading . 

reloading  press . 

reloading  tool . 

remaining  velocity . 

repeating  rifle . 

repeating  shotgun . 

report . 

residual  energy . 

resistance  to  tearing . 

resisting  force . 

resonance . 

rest  position . 

resting . 

retardation . 

reversible . 

revolver . 

revolver  cartridge . 

rib  . 

ricochet . 

shoulder  weapon . 

rifle  scope . 

rifle-shotgun . 

rifled . 

rifling . 

rifling  twist . 

right-handed  system . 

rigid . 


Entfemung  (f) . distance  (f) 

Schusstafel  (f) . table  de  tir  (f) 

EinschieBen  (n) . tir  de  reglage  (m) 

Schnellfeuerpistole  (f) . pistolet  rafaleur  (m) 

Kadenz  (f) . cadence  (f) 

Verhaltniszahl  (f) . rapport  (m) 

Kimme  (f),  Visier  (n) . cran  de  mire  (m),  hausse  (f) 

Kimmenblatt  (n) . feuillet  (m) 

Rtickholfeder  (f) . ressort  recuperateur  (m) 

Zundhiitcheneinsetzgerat  (n) . amorceur  (m) 

Zundhiitcheneinsetzgerat  (n) . amorceur  (m) 

Rahmen  (m) . carcasse  (f) 

Verschlussgehause  (n) . boitier  de  culasse  (m) 

RiickstoB  (m) . recul  (m) 

RiickstoBenergie  (f) . energie  du  recul  (f) 

RiickstoBlader  (m) . automatique  par  recul 

RiickstoBminderer  (m) . plaque  de  couche  antirecul  (f) 

Vorholfeder  (f) . ressort  recuparateur  (m) 

Bezugsflache  (f) . surface  de  reference  (f) 

Bezugspunkt  (m) . point  de  reference  (m) 

BezugsgroBe  (f) . valeur  de  reference  (f) 

Beziehung  (f) . relation  (f) 

Zeitkonstante  (f) . temps  de  relaxation  (m) 

entsichem . armer 

Wiederladen  (n) . rechargement  (m) 

Wiederladepresse  (f) . presse  a  recharger  (f) 

Wiederladewerkzeug  (n) . outillage  pour  le 

rechargement  (m) 

Restgeschwindigkeit  (f) . vitesse  restante  (f) 

Repetierbiichse  (f) . carabine  a  repetition  (f) 

Repetierflinte  (f) . fusil  a  repetition  (m) 

Knall  (m) . detonation  (f) 

Restenergie  (f) . energie  residuelle  (f) 

ReiBfestigkeit  (f) . resistance  au  dechirement  (f) 

Widerstandskraft  (f) . resistance  (f) 

Resonanz  (f) . resonance  (f) 

Ruhelage  (f) . position  de  repos  (f) 

ruhend . au  repos 

Verzogerung  (f) . retardation  (f) 

umkehrbar . reversible 

Revolver  (m) . revolver  (m) 

Revolverpatrone  (f) . cartouche  pour  revolvers  (f) 

Rippe  (f) . ailette,  nervure  (f) 

Abpraller  (m) . ricochet  (m) 

Langwaffe  (f),  Biichse  (f) . arme  d’epaule  (f) 

Zielfernrohr  (n) . lunette  de  visee  (f) 

Biichsflinte  (f) . carabine  (m) 

gezogen  (Lauf) . raye 

Ziige  (mp) . rayage,  rayure  (f) 

Drall  (Waffe)  (m) . rayure  (f) 

Rechtssystem  (Koordinaten)  (n)  ....systeme  oriente  a  la  main 

droite  (m) 

start . rigide 
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rigid  object . 

rim . 

rimfire  cartridge . 

rimfire  ignition . 

rimmed  cartridge . 

rimmed  case . 

ring  foresight . 

rivet . 

rocket . 

rod . 

roll  crimp . 

roll  crimp . 

rotating  bolt  locking  system 

rotational  axis,  pivot . 

rotational  kinetic  energy . 

rotational  symmetry . 

round . 

round-nose  bullet . 

running  boar . 

rust . 

rust  preventing  agent . 

anticorrosive . 

rusty . 


starrer  Korper  (m) . 

Rand (m) . 

Randfeuerpatrone  (f) .. 

Randfeuerziindung  (f) 

Randpatrone  (f) . 

Randhiilse  (f) . 

Ringkom  (n) . 

Niet  (m) . 

Rakete  (f) . 

Stange  (f) . 

zugebordelt 

Bordelung  (f) . 

Drehverschluss  (m) .... 

Drehachse  (f) . 

Rotationsenergie  (f).... 

rotationssymetrisch .... 

Schuss  (m) . 

Rundkopfgeschoss  (n) 
laufender  Keiler  (m) ... 

Rost  (m) . 

Rostschutzmittel  (n) ... 

rostschiitzend . 

rostig . 


corps  rigide  (m) 
bourrelet  (m) 
cartouche  a  percussion 
annulaire  (f) 
percussion  annulaire  (f) 
cartouche  a  bourrelet  (f) 
douille  en  bourrelet  (f) 
guidon  annulaire  (m) 
rivet  (m) 

fusee  (f),  roquette  (f) 
tige  (f) 

sertissage  a  rondelle 
culasse  tournante,  -  rotative 
axe  de  rotation,  pivot  (m) 
energie  cinetique  de 
rotation  (f) 

symmetrique  par  rapport  a 
une  axe 
coup,  tir  (m) 
balle  a  tete  ronde  (f) 
sanglier  courant  (m) 
rouille  (f) 

solution  antirouille  (f) 

antirouille 

rouille 


Sabot . 

safety  . 

safety  catch . 

safety  device . 

safety  fuze . 

safety  pin  . 

safety  slide . 

sample . 

sand-blast . 

scope  mount . 

scope  sight . 

score  . 

score  gauge,  scorer . 

screw . 

sectional  density . 

semi-jacketed  bullet . 

semi-automatic . 

sensing  device . 

sensitivity  test . 

sensor . 

separation . 

serial  number  of  a  weapon 

set  screw . 

setting . 

shadowgraph . 

shape  stable . 


Treibspiegel  (m) . sabot  (m) 

Sicherheit  (f) . surete,  securite  (f) 

Sicherheitsfliigel  (m) . levier  de  surete  (m) 

Sicherung  (f) . mecanisme  de  securite  (m) 

Schwarzpulverziindschnur  (f) . meche  de  surete  (f) 

Sicherheitsstift  (m),  Vorstecker  (m)... goupille  de  surete  (f) 

Sicherheitsschieber  (m) . surete  (f) 

Muster  (n) . echantillon  (m) 

sandstrahlen . sabler 

Zielfernrohrmontage  (f) . montage  pour  lunette  (m) 

Zielfernrohr  (n) . lunette  de  visee  (f) 

Treffer  (m) . coup  portant,  touche  (m) 

Schusslochprufer  (m) . axe  jaugeur  (m),  jauge  (f) 

Schraube  (f) . vis  (f) 

Querschnittsbelastung  (f) . masse  par  unite  de  section  (f) 

Teilmantelgeschoss  (n) . balle  demi  blindee  (f) 

halbautomatisch . semi-automatique 

Fiihler  (m) . jauge,  capteur  (m) 

Empfindlichkeitsprufung  (f) . epreuve  de  sensibilite  (f) 

Aufnehmer  (m) . sonde  (f),  capteur  (m),  jauge  (f) 

Ablosung  (f) . separation  (f) 

Waffennummer  (f) . numero  de  serie  de  l'arme  (m) 

Einstellschraube  (f) . molette  de  reglage,  vis  de  -  (f) 

Einstellung  (f) . reglage  (m) 

Schattenaufnahme  (f) 

fonnstabil . indeformable 
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shear  force . 

shear  rate . 

shear  stress . 

shock  wave . 

shoot . 

accuracy  . 

wound  channel . 

shooting  range . 

short-range  ammunition 

short  rifle . 

shot . 

shot . 

shotgun . 


Schubkraft  (f) . 

Geschwindigkeitsgefalle  (n). 
Scherspannung  (f),  Schub-.. 

Stofiwelle  (f) . 

Schiefien  (n) . 

Treffsicherheit  (f) . 

SchieBkanal  (m) . 

SchieBstand  (m) . 

Kurzbahnmunition  (f) . 

Stutzer  (m) . 

Schrot  (m) . 

Schuss  (m) . 

Flinte  (f),  Jagdflinte  (f) . 


shot  pellet . Schrotkugel  (f) . 

shot  sheaf. . Schrotgarbe  (f) . 

shot  start  pressure . Ausziehdruck  (m)... 

shotgun  cartridge,  shotshell . Schrotpatrone  (f)  .... 

shoulder  stabilized . schulterstabilisiert .. 

shoulder  weapon . Schulterwaffe  (f)  .... 

shrapnel . Schrapnell  (n) . 

side  lock . Seitenschloss  (n) . 

side-by-side  shotgun . Doppelflinte  (f) . 

sideways . seitwarts . 

sight . zielen,  visieren . 

sighting . Zielen  (n) . 

sighting  error . Zielfehler  (m) . 

sights . Visierung  (f) . 

signal  pistol . Alarmpistole  (f) . 

silencer . Schalldampfer  (m).. 

dynamic  - .  dynamische  - . 

geometric  - .  geometrische  - . 

kinematic  - .  kinematische  - . 


simple  pendulum . mathematisches  Pendel  (n)., 

single  action . single  action . 

single  base  powder  (NC  powder)...  Nitrocellulosepulver  (n) . 

single-shot  fire . Einzelfeuer  (n) . 

single-shot  weapon . Einzellader  (m) . 

sinusoidal . sinusformig . 

size . kalibrieren . 

sizing  press . Kalibrierpresse  (f) . 

slaughter  cartridge . Schlachtpatrone  (f) . 


slender . 

slenderness . 

slenderness  ratio... 

slide . 

slope . 

slot . 

small  bore  rifle . 

smokeless  powder 

smoothing . 

soft  lead . 


schlank . 

Schlankheit  (f) . 

Schlankheitsgrad  (m) . 

Schieber  (m) . 

Neigung  (f) . 

Nut  (f) . 

Kleinkalibergewehr  (n) . 

rauchloses  Pulver  (n) . 

Oberflachenbehandlung  (f) 
Weichblei  (n) . 


force  de  poussee  (f) 
gradient  de  vitesse  (m) 
tension  de  cisaillement  (f) 
onde  de  choc  (f) 
tir  (m) 

assurance  de  toucher  (f) 

tunnel  de  tir  (m) 

stand  de  tir  (m) 

munition  a  courte  portee  (f) 

carabine  (f) 

grenaille  (f) 

coup,  tir  (m) 

fusil  de  chasse  (m) 

-  a  canon  lisse  (m) 
plomb  (de  chasse)  (m) 
gerbe  (f) 

pression  d'extraction  (f) 
cartouche  de  chasse  (f) 
stabilise  par  l'epaule 
arme  d'epaule  (f) 
shrapnel  (m) 
contre-platine  (f) 
fusil  a  canon  juxtaposes  (m) 
de  cote 
viser,  pointer 
pointage  (m),  visee  (f) 
erreur  de  visee  (f) 
hausse,  visee  (f) 
pistolet  d'alarme  (m) 
silencieux  (m) 

-  dynamique 

-  geometrique 

-  cinetique 

pendule  mathematique  (m) 
simple  action  (f) 
poudre  a  simple  base  (f) 
feu  coup  par  coup  (m) 
fusil  a  un  coup  (m) 
sinusoidal 
calibrer,  etalonner 
presse  a  calibrer  (f) 
cartouche  pour  appareils 

d'abattage(f) 

svelte 

sveltesse  (f) 
degre  de  sveltesse  (m) 
poussoir  (m),  tirette  (f) 
pente  (f) 
encoche  (f) 

carabine  de  petit  calibre  (f) 
poudre  pyroxylee  (f) 
lissage  (m) 
plomb  doux  (m) 
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soft-nose  bullet . Teilmantelgeschoss  (n) . balle  demi  blindee  (f) 

solid . fest  (Aggregatszustand) . solide 

solid  (homogeneous)  bullet . Vollgeschoss  (n) . projectile  plein  (m) 

solid  angle . raumlicher  Winkel  (m) . angle  solide  (m) 

solid  body . fester  Korper  (m) . corps  solide  (m) 

solid  propellant  rocket . Feststoff-Rakete  (f) . roquette  a  propulsion  solide  (f) 

spatial  expansion . raumliche  Ausdehnung  (f) . volume  (m) 

speed . Geschwindigkeitsbetrag  (m) . vitesse,  celerite  (f) 

spin . Drall  (Geschoss)  (m) . rotation  (f) 

spin  damping . Drehzahlabnahme  (f) . diminution  du  nombre  de 

tours  (f) 

spin-stabilized . drallstabil . gyrostabilise 

spitzer  bullet . Spitzgeschoss  (n) . balle  pointue  (f) 

splinter . Splitter  (Holz,  Glas)  (m) . eclat  (bois,  verre)  (m) 

split  case . HiilsenreiBer  (m) . rupture  de  la  douille  (f) 

spotting  scope . Spektiv  (n) . longue  vue  (f) 

spoiler,  sporting  arm . Sportwaffe  (f) . arme  de  sport  (f) 

spread . Streuung  (f) . dispersion  (f),  ecart  (m) 

sprocket . Schaltzahn  (Revolver)  (m) . dent  de  rochet  (f) 

square  foresight . Rechteckkorn  (n) . guidon  rectangulaire  (m) 

stagnation  point . Staupunkt  (m) . point  de  stagnation  (m) 

stagnation  pressure . Staudruck  (m) . pression  de  la  retenue  (f) 

stainless . nicht  rostend . antirouille 

stainless . rostfrei . inoxydable 

standard  deviation . Standardabweichung  (f) . ecart-type  (m) 

standing . stehend . debout 

star  crimp . Sternverschluss  (m) . fenneture  etoile,  -  stellaire  (f) 

state  of  matter . Aggregatszustand  (m) . etat  de  matiere  (m) 

state  variables . ZustandsgroBe  (f) . variables  d'etat  (f) 

steel . Stahl  (m) . acier  (m) 

steel  case . Stahlhiilse  (f) . douille  (en)  acier  (f) 

steel-core  bullet . Stahlkerngeschoss  (n) . balle  a  noyau  en  acier  (f) 

steel-jacketed  bullet . Stahlmantelgeschoss  (n) . balle  blindee  (f) 

steepness . Steilheit  (Griff)  (f) . pente,  inclinaison  (f) 

stick  grenade . Stielhandgranate  (f) . grenade  a  manche  (f) 

stock . Schaft  (m) . crosse  (f) 

stopgap . Notbehelf  (m) . solution  de  fortune  (f) 

strap . Riemen  (m) . bretelle  (f) 

streamline . Stromfaden  (m) . ligne  de  courant  (f) 

stress . Spannung  (f) . tension  (f) 

striker . Schlagstiick  (n) . marteau  (m) 

stuck  bullet . Laufstecker  (m) . balle  restee 

(dans  le  canon)  (f) 

stud . Nase  (f),  Vorsprung  (m) . ergot  (m) 

subcalibre . Unterkaliber  (n) . sous-calibre 

submachine  gun . Maschinenpistole  (f) . pistolet  mitrailleur  (m) 

subsonic . Unterschall- . subsonique 

suction  effect . Saugeffekt  (m) . effet  de  succion  (m) 

superposed  rifle-shotgun . Bockbuchsflinte  (f) . fusil  a  canons  superposes  (m) 

superposition  principle . Prinzip  der  Unabhangigkeit  von . principe  de  supeiposition  (m) 

Bewegungen  (n) 

supersonic . Uberschall- . suprasonique 

pivot . Lager  (n) . support  (m) 
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surface  of  a  cone . Kegelmantel  (m) . surface  du  cone  (f) 

sympathetic  detonation . Detonationsiibertragung  (f) . detonation  par  influence  (f) 

system  of  units . MaBsystem  (n) . systeme  d’unites  (m) 


Tangential  velocity . 

tapered,  conical . 

tappet . 

target . 

target  patch . 

target  practices . 

target  transport  device . 

tear,  (wear  and  tear) . 

tensile  stress . 

terminal  ballistics . 

test-firing . 

thermal  conduction . 

thermal  energy . 

thermal  state . 

thermic  development . 

thermodynamic  state  variables 

thickness  of  the  wall . 

thin  firing  tapes . 

three-shot  mechanism . 

three-barrelled  gun . 

thrust . 

thumbhole . 

thumbhole  stock . 

thumbrest . 

tie  force . 

tight . 

time  of  flight . 

timing  axis . 

tip-up  lock . 

tip-up  rifle . 

toggle  action  bolt . 

tombac . 

tombac-plated  steel . 

top . 

torque  . 

torsional  pendulum . 

tracer . 

tracer  bullet . 

tractability . 

tractable . 

trajectory . 

transient  pressure . 

transonic . 

trigger . 


Bahngeschwindigkeit  (f) . 

konisch . 

Mitnehmer  (m) . 

Scheibe  (f),  Ziel  (n) . 

Schusspflaster  (n) . 

Zieliibungen  (f) . 

Scheibenzuganlage  (f) . 

VerschleiB  (m) . 

Zugspannung  (f) . 

Endballistik  (f) . 

EinschieBen  (n) . 

Warmeleitung  (f) . 

Warmeenergie  (f) . 

Warmezustand  (m) . 

Warmeentwicklung  (f) . 

thermodynamische  Zustands-. 
groBen  (f) 

Wandstarke  (f) . 

Stoppinen  (f) . 

Dreischussautomatik  (f) . 

Drilling  (m) . 

Schub  (Rakete)  (m) . 

Daumenloch  (n) . 

Schaft  mit  Daumenloch  (m) ... 

Daumenauflage  (f) . 

Zugkraft  (f) . 

dicht . 

Flugzeit  (f) . 

Zeitachse  (f) . 

Kipplaufverschluss  (m) . 

Kipplaufbuchse  (f) . 

Kniegelenkverschluss  (m) . 

Tombak  (m) . 

tombakplattierter  Stahl  (m) .... 

Kreisel  (Spielzeug  -)  (m) . 

Drehmoment  (n) . 

Torsionspendel  (n) . 

Leuchtsatz  (m) . 

Leuchtspurgeschoss  (n) . 

Folgsamkeit  (f) . 

folgsam . 

Flugbahn  (f) . 

Druckschwankung  (f) . 

transsonisch . 

Abzug  (m) . 


vitesse  lineaire  (f) 
conique 
accrochage  (m) 
cible  (f),  disque  (m)  bague  (f) 
palette  (de  tir)  (f) 
exercices  de  visee  (m) 
rameneur  (de  cible)  (m) 
usure  (f) 

contrainte  de  traction  (f) 
balistique  terminale  (f) 
tir  de  reglage  (m) 
conduction  thermique  (f) 
energie  thermique  (f) 
etat  thermique  (m) 
production  de  chaleur  (f) 
variables  d'etat 

epaisseur  de  parois  (f) 
etoupille  (f) 
mecanisme  a  trois 
coups (m) 
drilling,  fusil  a  trois 
canons (m) 
poussee  (f) 
trou  de  pouce  (m) 
crosse  a  trou  de  pouce  (f) 
repose-pouce  (m) 
force  de  traction  (f) 
etanche,  dense 
temps  de  vol  (m) 
axe  du  temps  (m) 
culasse  tombante, 

-  basculante  (f) 
carabine  expresse  (f) 
culasse  a  genouillere  (f) 
tombac  (m) 

acier  plaque  de  tombac  (m) 
toupie  (f) 
moment  (m) 
pendule  de  torsion  (m) 
composition  lumineuse  (f) 
balle  trapante  (f) 

(l'axe  du  projectile  suivant  la 
tangente  de  la  tiajectoire) 
trajectoire  (f) 
fluctuation  de  pression  (f) 
variation  - 
transsonique 
detente  (f) 
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trigger  bar . Abzugsstange  (f) . tige  de  detente 

trigger  verification  device . Abzugspriifgerat  (n) . controleur  de  detente  (m) 

trigger  device,  -  mechanism . Abzugseinrichtung  (f) . systeme  de  detente  (m) 

trigger  guard . Abzugsbiigel  (m) . pontet  de  sous-garde  (m) 

trigger  lever,  trigger  latch . Abzugshebel  (m) . gachette,  queue  de  detente  (f) 


cran  d'arret  (m) 

poids  de  depart,  -  detente  (m) 

immobilisation  de  detente 

systeme  de  detente  (m) 

trinitrotoluene  (m) 

trepied  (m) 

tronquer 


trigger  point . Druckpunkt  (m) . 

trigger  pull  weight . Abzugsgewicht  (n) . 

triggerstop . Abzugsbegrenzung  (f)  -stop  (m) 

trigger  system . Abzugssystem  (n) . 

trinitrotoluene . Trinitrotoluol  (n) . 

tripod . Dreibein  (n) . 

truncate . abbrechen . 

tube  magazine,  tubular  magazine...  Rohrenmagazin  (n) . chargeur  tubulaire, 

magasin  tubulaire  (m) 

tubular  powder . Rohrchenpulver  (n) . poudre  tubulaire  (f) 

tumble . taumeln . tomnoyer 

twilight  performance . Dammerungsleistung  (f) . puissance  crepusculaire  (f) 

twist . Drall  (Waffe)  (m) . rayure  (f) 

twist  direction . Drallrichtung  (f) . direction  du  pas  (f) 

twist,  twist  length . Drallange  (f) . pas  des  rayures  (m) 


Underdamped . schwach  gedampft.. 

uniform . gleichformig . 

unit . MaBeinheit  (f) . 


.  sous-amorti 
.  unifonne 
.  unite  de  mesure  (f) 


Valve . 

vermin . 

varmint  rifle . 

vault . 

velocity . 

velocity  of  descent . 
velocity  of  sound.... 
velocity  of  waves  ... 
ventilated  barrel  rib 

vertex . 

vertex  distance . 

vertex  height . 

vertical  deviation.... 
vertical  dispersion .. 

viscosity . 

vivacity . 


Ventil  (n) . soupape  (f) 

Raubzeug  (jagbare  Nager)  (n) . rongeur  (m) 

Schonzeitwaffe  (f) . arme  pom  la  chasse  fermee 

wolben . direction  de  faction  (f) 

Geschwindigkeit  (f) . vitesse  (f) 

Fallgeschwindigkeit  (f) . vitesse  de  chute  (f) 

Schallgeschwindigkeit  (f) . vitesse  du  son  (f) 

Ausbreitungsgeschwindigkeit  (f) ...  vitesse  de  propagation  (f) 

ventilierte  Laufschiene  (f) . bande  ventilee  (f) 

Scheitel  (m) . sommet  (m) 

Scheiteldistanz  (f) . distance  du  sommet  (f) 

Scheitelhohe  (f) . hauteur  du  sommet  (f) 

Hohenabweichung  (f) . ecart  vertical  (m) 

Hohenstreuung  (f) . dispersion  verticale  (f) 

Zahigkeit  (dynamische)  (f) . viscosite  (f) 

Lebhaftigkeit  (f) . vivacite  (f) 


Wad . 

wadcutter.. 

washer . 

spirit  level, 
waterproof 

wax . 

weapon . 

wear . 

wedged . 

weight . 

wheel  shot 
wheel-lock 


Pfropfen  (m) . 

Wadcutter( -geschoss)  (n) 

Unterlegscheibe . 

Wasserwaage  (f) . 

wasserdicht . 

Wachs  (n) . 

Waffe  (f) . 

Abnutzung  (f) . 

verkeilt . 

Gewicht  (n) . 

Hohlschuss  (Schrot)  (m) . 
Radschloss  (n) . 


bourre  (f) 
wad-cutter 
bague  (f) 

niveau  a  bulle  (m) 

etanche 

cire  (f) 

arme  (f) 

usure  (f) 

cale 

poids  (m) 
coup  creux  (m) 
platine  a  rouet  (f) 
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wheel-lock  ignition . Radschlossziindung  (f) . percussion  a  rouet  (f) 

with  rest . aufgelegt . avec  appui,  -  support 

with  support . aufgelegt . avec  appui,  -  support 

work . Arbeit  (f) . travail  (m) 


Yaw . taumeln . tomnoyer 

yaw . Prazessionsbewegung  (f) . mouvement  de  precession  (m) 

yaw . Pendelung  (f) . mouvement  pendulaire  (m) 

Young's  modulus . Elastizitatsmodul  (m) . module  d'elasticite  (m) 


Zeroing . 


.  EinschieBen  (n) . tir  de  reglage  (m) 
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Abbrandgeschwindigkeit  (f) . burning  rate . vitesse  de  combustion  (f) 

abbrechen . truncate . tronquer 

Abdeckung  (f) . covering . recouvrement  (m) 

Abgangsballistik  (f) . intermediate  ballistics . balistique  intermediate  (f) 

Abgangsfehlerwinkel  (m) . angle  of  jump . angle  de  relevement  (m) 

abgeschlossenes  System  (n) . closed  physical  system . systeme  autonome,  -  ferme  (m) 

abkanten . chamfer,  bevel . rogner 

Ablosepunkt  (Grenzschicht)  (m).„.  point  of  separation . point  de  separation  (m) 

Ablosung  (f) . separation . separation  (f) 

Abnahmepriifung  (f) . acceptance  test . epreuve  de  recette  (f) 

Abnutzung  (f) . wear . usure  (f) 

Abpraller  (m) . ricochet . ricochet  (m) 

Abschusswinkel  (m) . angle  of  departure . angle  de  projection  (m) 

absteigender  Ast  (m) . descending  branch . blanche  descendante  (f) 

Abstromwinkel  (m) . off-flow  angle . angle  de  separation  (m) 

Abweichung  (f) . deviation . deviation,  ecart  (m) 

Abziehen  (n) . pull  (the  trigger) . depart  (m) 

Abzug  (m) . trigger . detente  (f) 

Abzugsbegrenzung  (f) . triggerstop . immobilisation  de  detente 

Abzugsstop  (m) 

Abzugsbiigel  (m) . trigger  guard . pontet  de  sous-garde  (m) 

Abzugseinrichtung  (f) . trigger  device,  -  mechanism . systeme  de  detente  (m) 

Abzugsgewicht  (n) . trigger  pull  weight . poids  de  depart,  -detente  (m) 

Abzugsgewichtkontrolle  (f) . verification  of  trigger  pull  weight ..  peson  (m) 

Abzugshebel  (m) . trigger  lever,  trigger  latch . gachette,  queue  de  detente  (f) 

Abzugsprufgerat  (n) . trigger  verification  device . controleur  de  detente  (m) 

Abzugsspiel  (n) . backlash . backlash 

Abzugsstange  (f) . trigger  bar . tige  de  detente 

Abzugssystem  (n) . trigger  system . systeme  de  detente  (m) 

achtkantig . octagonal . octagonal 

Achtkantlauf  (m) . octagonal  barrel . canon  octogonal  (m) 

Aggregatszustand  (m) . state  of  matter . etat  de  matiere  (m) 

Alarmpistole  (f) . alarm  pistol,  signal  pistol . pistolet  d'alarme  (m) 

dynamische  - .  dynamic  - .  -  dynamique 

geometrische  - .  geometric  - .  -  geometrique 

kinematische  - .  kinematic  - .  -  cinetique 

Amboss  (m) . anvil . enclume  (f) 
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amorph . amorphous . 

Anfangslage  (f) . initial  position . 

Anfangsgeschwindigkeit  (f) . initial  velocity . 

Angriffspunkt  der  Druckkrafte  (m) .  centre  of  pressure  .. 

anregen . induce . 

anstromen . flow  against . 

Anstellwinkel  (m) . angle  of  incidence  . 

Anziindlitze  (f) . igniter  cord . 

Arbeit  (f) . work . 

aufgelegt . supported . 

Aufnehmer  (m) . sensor . 

aufpilzen . mushroom . 


aufschieBend . firing  from  closed  bolt.. 

Aufschlagziinder  (m) . impact  fuze . 

aufsteigender  Ast  (m) . ascending  branch . 

Auftreffpunkt  (m) . point  of  impact . 

Auftreffwinkel  (m) . angle  of  attack . 

Auftriebskraft  (f) . lift  force . 

Auftriebsbeiwert  (m) . lift  force  coefficient . 

Ausbreitungsgeschwindigkeit  (f) ...  velocity  of  waves . 

Ausdehnung  (f) . dimension . 

ausgedehnter  Korper  (m) . large  body . 

ausgerustet  sein  mit . be  equipped  with . 

Auslenkung  (f) . extension . 

Ausschussloch  (n) . exit  hole . 

AuBenballistik  (f) . exterior  ballistics . 

austretende  Masse  (f) . mass  flow . 

Austrittsgeschwindigkeit  (f) . exit  velocity . 

Auswerfer  (m) . ejector . 

Auswurfoffnung  (f) . ejection  port . 

Ausziehdruck  (m) . shot  start  pressure . 

Auszieher  (m) . extractor . 

Ausziehwiderstand  (m) . initial  resistance . 


amorphe 

position  initiale  (f) 
vitesse  initiale  (f) 
centre  de  pression  (m) 
induire,  provoquer 
affluer 

angle  d'incidence  (m) 
cordon  d'allumage  (m) 
travail  (m) 
avec  appui,  -support 
sonde  (f),  capteur  (m) 
s’epanouir  (en  forme  de 
champignon) 
tirer  a  culasse  fermee 
fusee  percutante  (f) 
branche  ascendante  (f) 
point  d’ impact  (m) 
angle  d'arrivee  (m) 
portance  (f) 

coefficient  de  portance  (m) 
vitesse  de  propagation  (f) 
dimension  (f),  extension 
volumineux 
equipe  de 
deviation  (f),  ecart 
trou  de  sortie  (m) 
balistique  exterieure  (f) 
flux  de  masse  (m) 
vitesse  de  sortie  (f) 
ejecteur  (m) 
ouverture  Rejection  (f) 
pression  d'extraction  (f) 
extracteur  (m) 
resistance  d'extraction  (f) 


Bahngeschwindigkeit  (f) ... 

Balkenkorn  (n) . 

Ballistik  (f) . 

Becherpfropfen  (m) . 

Befestigungselement  (n) .... 

Beiwert  (m) . 

Berdanziindhutchen  (n) . 

Beschleunigung  (f) . 

Beschussprobe  (f) . 

Beschussstempel  (m) . 

Betrag  (eines  Vektors)  (m). 

Bewegungsenergie  (f) . 

Bewegungsgleichungen  (f) 

Beziehung  (f) . 

Bezugsflache  (f) . 

BezugsgroBe  (f) . 

Bezugspunkt  (m) . 

Bezugssystem  (n) . 


tangential  velocity .. 

post  sight . 

ballistics . 

cup  wad . 

fastening  element ... 

coefficient . 

berdan  primer . 

acceleration . 

proof  firing . 

proof  mark . 

absolute  value . 

kinetic  energy . 

equations  of  motion 

relation . 

reference  plane . 

reference  value . 

reference  point . 

frame  of  reference .. 


vitesse  lineaire  (f) 

guidon  a  lame  rectangulaire  (m) 

balistique  (f) 

bourre  a  cuvette,  -a  jupe  (f) 
element  d'attache  (m) 
coefficient  (m) 
amorce  Berdan  (f) 
acceleration  (f) 
epreuve  (f) 

poin^on  d'epreuve  (m) 
valeur  absolue  (f) 
energie  cinetique  (f) 
equations  de  mouvement  (f) 
relation  (f) 

surface  de  reference  (f) 
valeur  de  reference  (f) 
point  de  reference  (m) 
systeme  de  reference  (m) 
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Biegespannung  (f) . 

Bildungsenergie  (thermodyn.)  (f) 
Blankwaffe  (f) . 

.  bending  stress . 

.  heat  of  formation . 

.  edged  weapon . 

Blattchenpulver  (n) . 

Blattfeder  (f) . 

.  flake  (laminated)  powder . 

.  laminated  spring . 

Blei  (n) . 

Bleiazid  (n) . 

bleibende  Wundhohle  (f) . 

Bleitrizinat  (n) . 

.  lead . 

.  lead  azide . 

.  permanent  cavity . 

.  lead  styphnate . 

Blindpatrone  (f) . 

.  blank  cartridge . 

Bockbuchsflinte  (f) . 

.  superposed  rifle-shotgun . 

Bogen  (m) . 

BogenmaB  (n),  im  -  messen . 

.  bow . 

.  measure  in  radians . 

Bogensport  (m) . 

.  archery . 

Bohrung  (f) . 

.  hole,  aperture . 

Bordelung  (f) . 

.  roll  crimp . 

Brandgeschoss  (n) . 

.  incendiary  bullet . 

Brandsatz  (m) . 

.  incendiary  compound . 

Breitenstreuung  (f) . 

.  lateral  spread . 

Brenngeschwindigkeit  (f) . 

.  burning  rate . 

Brennkammer  (f) . 

.  burning  chamber . 

Brennschluss  (m) . 

.  end  of  burning . 

Brennschlussgeschwindigkeit  (f) .. 

.  end-buming  velocity . 

brunieren . 

.  brown,  blue . 

Briinierung  (f) . 

.  browning,  blueing . 

Biichse  (f) . 

Biichsenmacher  (m) . 

.  rifle . 

.  gunmaker,  gunsmith . 

Buchsflinte  (f) . 

.  rifle-shotgun . 

contrainte  de  flexion  (f) 
chaleur  de  fonnation  (f) 
arme  blanche  (f) 
poudre  a  paillettes  (f) 
ressort  a  lame  (m) 
plomb  (m) 
azoture  de  plomb  (f) 
cavite  permanente  (f) 
trinitroresorcinate 
de  plomb  (m) 
rate,  non  eclate 
cartouche  a  blanc  (f) 
culasse  a  bloc  (f) 
fusil  a  canons  superposes  (m) 
arc  (m) 

mesurer  en  radians 
tir  a  Fare  (m) 
trou,  perpage  (m) 
sertissage  a  rondelle 
balle  incendiaire  (f) 
matiere  incendiaire  (f) 
dispersion  en  largeur  (f) 
vitesse  de  combustion  (f) 
chambre  de  combustion  (f) 
fin  de  combustion  (f) 
vitesse  en  fin  de 
combustion  (f) 
bronzer,  brunir 
bronzage,  brunissage  (m) 
arme  a  canon  raye  (f) 
armurier  (m) 
carabine  (m) 


Choke  (m) . choke . choke  (m) 

Chokebohrung  (f) . choke-bore . alesage  du  choke  (m) 

Chrom  (m) . chrome . chrome  (m) 


Damastlauf  (m) . 

..  damascus  barrel . 

Dammerungsleistung  (f) . 

dampfen . 

..  twilight  performance . 

..  damp . 

Dampfung  (f) . 

..  damping . 

Dauerfeuer  (n) . 

..  full  automatic  fire . 

Daumenauflage  (f) . 

Daumenloch  (n) . 

..  thumbrest . 

..  thumbhole . 

Deflagration  (f) . 

..  deflagration . 

Deformationsgeschoss  (n) . 

..  deformation  projectile . 

deformieren . 

..  deform . 

Dehnung  (f) . 

..  strain . 

Detonation  (f) . 

..  detonation . 

Detonationsgeschwindigkeit  (f) .. 

..  detonation  rate . 

Detonationsiibertragung  (f) . 

dicht . 

..  sympathetic  detonation . 

Dichte  (f) . 

..  density . 

canon  damas  (m) 
puissance  crepusculaire  (f) 
amortir 

amortissement  (m) 
feu  en  rafales  (m) 
repose-pouce  (m) 
trou  de  pouce  (m) 
deflagration  (f) 
projectile  expansif  (m) 
deformer 

allongement  (m),  dilatation  (f) 
detonation  (f) 
vitesse  de  detonation  (f) 
detonation  par  influence  (f) 
etanche,  dense 
masse  volumique  (f) 
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dichtebestandig . 

Differenzial  (n) . 

Differenzialquotient  (m) 

Differenzenquotient  (m). 

Dimensionanalyse  (f) . 

Diopter  (n) . 

Doppelabzug  (m) . 

Doppelbiichse  (f) . 

Doppelflinte  (f) . 

Drall  (Geschoss)  (m) . 

Drall  (Waffe)  (m) . 

Drallange  (f) . 

Drallrichtung  (f) . 

drallstabil . 

Drallwinkel  (m) . 

Drehachse  (f) . 

Drehbewegung  (f) . 

Drehenergie  (f) . 

Drehfrequenz  (f) . 

Drehimpuls  (m) . 

Drehmoment  (n) . 

Drehpunkt  (m) . 

Drehpunkt  (Hebei)  (m)... 

Drehverschluss  (m) . 

Drehwinkel  (m) . 

Drehzahlabnahme  (f) . 

Dreibein  (n) . 

Dreischussautomatik  (f) . 

Drilling  (m) . 

Druck  (m) . 

Druckaufnehmer  (m) . 

Druckenergie  (f) . 

Druckgeber  (m) . 

Druckgefalle  (n) . 

Druckkolben  (m) . 

Druckkraft  (f) . 

Druckpunkt  (m) . 

Druckpunktabzug  (m) .... 
Druckschwankung  (f) . 

Druckspannung  (f) . 

Druckwiderstand  (m) . 

Durchschlag  (m) . 

Durchschlagskraft  (f) . 

Duse  (f) . 


incompressible . 

differential . 

derivative . 

differential  quotient . 

difference  quotient . 

dimensional  analysis . 

aperture  sight . 

double  trigger . 

double  rifle . 

side-by-side  shotgun . 

spin . 

twist;  rifling . 

twist,  twist  length . 

twist  direction . 

spin-stabilized . 

angle  of  twist . 

rotational  axis,  pivot . 

circular  motion . 

energy  of  rotation . 

frequency  of  rotation . 

angular  momentum . 

moment  of  momentum 
torque;  moment  of  a  force ... 

centre  of  rotation . 

fulcrum . 

rotating  bolt  locking  system 

angular  displacement . 

spin  damping . 

tripod . 

three-shot  mechanism . 

drilling,  three-barrelled  gun 

pressure . 

pressure  gauge . 

pressure  energy . 

pressure  transducer . 

pressure  gradient . 

piston . 

compressive  force . 

trigger  point . 

double  pull  trigger . 

transient  pressure . 

compressive  strain . 

pressure  drag . 

penetration . 

penetration  power . 

nozzle . 


.  incompressible 
.  differentiel  (m) 

.  derivee  (f) 

.  quotient  differentiel  (m) 

.  difference  (f) 

.  analyse  dimensionelle  (f) 

.  dioptre  (m) 

.  double  detente  (f) 

.  fusil  a  deux  canon  (m) 

.  fusil  a  canon  juxtaposes  (m) 
.  rotation  (f) 

.  rayure  (f) 

.  pas  des  rayures  (m) 

.  direction  du  pas  (f) 

.  gyrostabilise 
.angle  des  rayures  (m) 

.  axe  de  rotation,  pivot  (m) 

.  mouvement  circulaire  (m) 
.energie  de  rotation  (f) 

.  frequence  de  rotation  (f) 

.  moment  cinetique  (m) 

.  moment  (m) 

.  centre  de  rotation  (m) 

.  articulation,  pivot  (m) 

.  culasse  tournante,  -  rotative 
.  deplacement  (m)  angulaire 
.  diminution  du  nombre  de  tours 
,  trepied  (m) 

.  mecanisme  a  trois 
coups (m) 

.  drilling  (m), 

fusil  a  trois  canons  (m) 
.pression  (f) 

.jauge  de  pression  (f) 

.  energie  de  compression  (f) 

.  transducteur  de  pression  (m) 

.  gradient  de  pression  (m) 

,  piston  (m) 

.  force  de  compression  (f) 

.  cran  d'arret  (m) 

.  detente  a  bossette  (f) 

.  fluctuation  de  pression  (f) 
variation  de  -  (f) 

.  contrainte  de  compression  (f) 

.  resistance  a  la  compression  (f) 
.  penetration  (f) 

.  puissance  de  perforation  (f) 

.  tuyere  (f) 


Ebene  Platte  (f) . plane  plate . plan  (m),  plaque  plane  (f) 

eichen . calibrate . etalonner 

Eichung  (f) . calibration . etalonnage  (m) 
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Eigenbewegung  (f) . 

Eigenfrequenz  (f) . 

einbrennen . 

Eindringtiefe  (f) . 

Eindringvermogen  (n) . 

Einpresswiderstand  (m) . 

EinschieBen  (n) . 

Einschlag  (m) . 

Einstellschraube  (f) . 

Einstellung  (f) . 

eintretende  Masse  (f) . 

Einzelfeuer  (n) . 

Einzellader  (m) . 

Elastizitatsmodul  (m) . 

Empfindlichkeitsprufung  (f) 

Endballistik  (f) . 

Endgeschwindigkeit  (f) . 

Endlage  (f) . 

Energie  (f) . 

Energieabgabe  (f) . 

Energiebilanz  (f) . 

Energieiibernahme  (f) . 


proper  motion . 

natural  frequency . 

burn  in,  brand  in . 

penetration  depth . 

penetration  capacity . 

engraving  resistance . 

test- firing,  ranging,  zeroing. 

impact . 

set  screw,  adjustment  screw 

adjustment,  setting . 

incident  mass . 

single-shot  fire . 

single-shot  weapon . 

Young's  modulus . 

modulus  of  elasticity 

sensitivity  test . 

terminal  ballistics . 

final  velocity  (speed) . 

final  position . 

energy . 

energy  release . 

energy  balance . 

energy  assumption . 


Energieverlust  (m) . energy  drop . 

eng . narrow . 

Entfernung  (f) . distance,  range . 

entgegengesetzt  gleich . opposite . 

entsichem . release  the  safety  catch . 

Entspannungsverhaltnis  (n) . expansion  ratio . 

Erdbeschleunigung  (f) . acceleration  due  to  gravity . 

-  of  free  fall 

Erhaltungssatz  (m) . law  of  conservation . 

Erhebungswinkel  (m) . elevation  angle . 

Erhitzung  (f) . heating . 

erregende  Kraft  (Schwingung)  (f)..  driving  force,  external  - . 

Erscheinung  (f) . phenomenon . 

Erstarrungspunkt  (m) . freezing  point . 

erzwungene  Schwingung  (f) . forced  oscillation . 

Explosionstemperatur  (f) . explosion  temperature . 

Explosionswarme  (f) . explosion  heat . 


mouvement  propre  (m) 
frequence  propre  (f) 
cuire  (au  four) 
profondeur  de  penetration  (f) 
pouvoir  de  penetration  (m) 
resistance  a  l’enfoncement  (f) 
tir  de  reglage  (m) 
impact  (m) 

molette  de  reglage,  vis  de  -  (f) 
reglage  (m) 
masse  incidente  (f) 
feu  coup  par  coup  (m) 
anne  a  un  coup  (f) 
module  d'elasticite  (m) 

epreuve  de  sensibilite  (f) 
balistique  terminale  (f) 
vitesse  terminale  (f) 
position  finale  (f) 
energie  (f) 

dissipation  d'energie  (f) 
bilan  energetique  (m) 
gain  d'energie  (m) 
prise  d'energie  (f) 
perte  d'energie  (f) 
etroit 

distance  (f) 

oppose,  de  signe  contraire 
armer 

rapport  de  detente  (m) 
acceleration  terrestre  (f) 

loi  de  conservation  (f) 
elevation  (f) 
echauffement  (m) 
force  d'exitation  (f) 
phenomene  (m) 
point  de  solidification  (m) 
oscillation  forcee  (f) 
temperature  d'explosion  (f) 
quantite  de  chaleur  (f) 


Fallblockverschluss  (m) 
Fallgeschwindigkeit  (f) .. 

Fallhohe  (f) . 

Fallwinkel  (m) . 

Fangschuss  (m) . 

Felddurchmesser  (m) . 

Felder  (np) . 

fest  (Aggregatszustand).. 

fester  Korper  (m) . 

Feststoff-Rakete  (f) . 


falling  block  bolt  action 

velocity  of  descent . 

drop . 

angle  of  descent . 

finishing  shot . 

land  diameter . 

lands . 

solid . 

solid  body . 

solid  propellant  rocket... 


culasse  a  bloc  basculant  (f) 
vitesse  de  chute  (f) 
hauteur  de  chute  (f) 
angle  de  chute  (m) 
coup  de  grace  (m) 
diametre  du  champ  des 
rayures  (m) 

champs  des  rayures  (m) 
solide 

corps  solide  (m) 

roquette  a  propulsion  solide  (f) 
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Feuer  aus  Miindung  (n) . 

Feuerscheindampfer  (m) .... 

Flachkopfgeschoss  (n) . 

Flinte  (f) . 

Flugbahn  (f) . 

Flugzeit  (f) . 

Fluiddynamik  (f) . 

Fluss  (m) . 

fliissig . 

Fliissigtreibstoff-Rakete  (f) 
folgsam . 

Folgsamkeit  (f) . 

formstabil . 

Freiheitsgrad  (m) . 

Frequenzgang  (m) . 

F iihler  (m) . 


primary  (muzzle)  flash . 

flash  hider . 

flat-nose  bullet . 

shotgun . 

trajectory . 

time  of  flight . 

fluid  dynamics . 

fluid  motion . 

liquid . 

liquid  propellant  rocket 
tractable  . 

tractability 

shape  stable . 

degree  of  freedom . 

frequency  response . 

sensing  device . 


feu  de  bouche  (m) 
cache-flamme  (m) 
balle  nez  plat  (f) 
fusil  a  canon  lisse  (m) 
trajectoire  (f) 
temps  de  vol  (m) 
dynamique  des  fluides  (f) 
flux  (m) 
liquide 

roquette  a  propulsion  liquide 
(l'axe  du  projectile  suivant  la 
tangente  de  la  trajectoire) 

indeformable 
degre  de  liberte  (m) 
bande  passante  (f) 
jauge,  capteur  (m) 


Gasdruck  (m) . gas  pressure . 

Gasdrucklader  (m) . gas  operated  weapon 


Gasdruckmesser  (m) . 

Gasentnahmediise  (f) . 

gasformig . 

Gaskonstante  R(f) . 

gedampft . 

schwach  - . 

stark  - . 

geeicht . 

Gehorschutzmittel  (n) . 

gekriimmte  Bahn  (f) . 

gerader  Einschusskanal  (m) . 

Geschoss  (n) . 

Geschossgewicht  (n) . 

Geschossmantel  (m) . 

Geschwindigkeitsgefalle  (n) 

Geschwindigkeit  (f) . 

Geschwindigkeitsbetrag  (m) 

gesetzmaBig . 

gestreckte  Flugbahn  (f) . 

Gewicht  (n) . 

gezogen  (Lauf) . 

Gitterbindungskraft  (f) . 


pressure  gauge . 

gas  port . 

gaseous . 

gas  constant  R . 

damped . 

underdamped . 

overdamped . 

calibrated . 

ear  defenders . 

curved  trajectory . 

narrow  channel  (NC) 

bullet,  projectile . 

bullet  weight . 

bullet  jacket . 

shear  rate . 

velocity . 

speed . 

natural . 

flat  trajectory . 

weight . 

rifled . 

lattice  linkage  force .. 


Gitterstruktur  (f) . crystalline  structure . 

gleichformig . uniform . 

Gleichgewicht  (n) . equilibrium . 

Grad  Celsius  (m) . degree  Celsius . 

Grenzfrequenz  (f) . boundary  frequency. 

Grenzgeschwindigkeit  (f) . limiting  velocity . 

Grenzschicht  (f) . boundary  layer . 

GroBenordnung  (f) . order  of  magnitude .. 

Giirtelhulse  (f) . belted  case . 


.pression  de  gaz  (f) 

.  arme  fonctionnant  par 
emprunt  de  gaz  (f) 

.jauge  de  pression  (f) 

.  event  (m) 

,  gazeux 

.  constante  des  gaz  parfaits  (f) 

.  amorti 
sous  - 
sur  - 

.  calibre,  etalonne 
.  casque  anti-bruit  (m) 
.trajectoire  courbe  (f) 

-  incurvee 
.  projectile  (m) 

.  poids  du  projectile  (m) 

.  chemisage  du  projectile  (m) 
.  gradient  de  vitesse  (m) 

.  vitesse  (f) 

.vitesse,  celerite  (f) 

.  naturel,  legitime 
.trajectoire  tendue  (f) 

.  poids  (m) 

.raye 

.  force  de  cohesion 
moleculaire  (f) 

.  structure  cristalline  (f) 

.  uniforme 
.  equilibre  (m) 

,  degre  Celsius  (m) 

.  frequence  limite  (f) 

.  vitesse  limite  (f) 

,  couche  limite  (f) 

.  ordre  de  grandeur  (m) 

.  douille  a  ceinture  (f) 
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Hahn  (m) . 

halbautomatisch . 

Halbchokelauf  (m) . 

Haltepunkt  (m) . 

Hammer  (m) . 

hammem . 

Hammerung  (f) . 

Handarbeit  (f) . 

Handballenauflage  (f) . 

Handgranate  (f) . 

Handstiitze  (f) . 

harmonische  Schwingung  (f) 

hart  (Abzug) . 

Hartblei  (n) . 

Harte  (f) . 

Hartkerngeschoss  (n) . 

Hartschrot  (m) . 

Haube  (f) . 

Hauptfehler  (m) . 

Hebei  (m) . 

Hebelarm  (m) . 

Heckkonus  (m) . 

Helm  (m) . 

Hexogen  (n) . 

Hinterlader  (m) . 

Hochleistungspatrone  (f) . 

Hochwildjagd  (f) . 

Hohenabweichung  (f) . 

Hohenstreuung  (f) . 

hold . . . 

Hohlladung  (f) . 

Hohlschuss  (Schrot)  (m) . 

Hohlspitzgeschoss  (n) . 

Hiilse  (f) . 

Hiilse  mit  Schulter  (f) . 

HiilsenabreiBer  (m) . 

Hiilsenboden  (m) . 

Hiilsenhals  (m) . 

Hiilsenrand  (m) . 

Hiilsenreifier  (m) . 

Impuls  (m) . 

Impulssatz  (m) 

Innenballistik  (f) . 

innere  Energie  (f) . 

innere  Reibung  (f) . 

Irisblende  (f) . 


hammer . 

semi-automatic . 

modified  choked  barrel 

point  of  aim . 

hammer . 

hammer . 

hammering . 

handicraft,  handiwork .. 

palm  support . 

hand-grenade . 

hand  support . 

harmonic  motion . 

dry . 

antimony  lead . 

hardness . 

hard-core  bullet . 

chilled  shot,  hard  shot .. 

hood . 

main  defect . 

lever . 

lever  arm . 

boattail . 

helmet,  crest . 

hexogen  . 

breech  loader . 

high-power  cartridge .... 

big-game  hunting . 

vertical  deviation . 

vertical  dispersion . 

hollow . 

hollow  charge . 

wheel  shot . 

hollow-point  bullet . 

case . 

bottlenecked  case . 

cut  case . 

case  head . 

case  neck . 

case  rim . 

split  case,  case-rupture . 


chien  (m) 

semi-automatique 

canon  a  demi  choke  (m) 

point  de  mire  (m) 

marteau  (m) 

marteler 

martelage  (m) 

travail  a  la  main,  travail  manuel 

appui  paume,  repose-paume 

grenade  a  main  (f) 

champignon,  pommeau  (m) 

oscillation  harmonique  (f) 

sec 

plomb  durci  (m) 
durete  (f) 
balle  a  noyau  dure, 

-  perforante  (f) 
plomb  durci  (m) 
coiffe,  calotte 
defaut  majeur  (m) 
levier  (m) 
bras  de  levier  (m) 
bi-ogivale 
casque  (m) 
hexogene  (m) 
anne  a  chargement  par  la 
culasse(f) 

cartouche  a  haut  rendement  (f) 
grande  chasse  (f) 
ecart  vertical  (m) 
dispersion  verticale  (f) 
creux 

charge  creuse  (f) 
coup  creux  (m) 
balle  a  point  creuse  (f) 
douille  (f) 

douille  en  forme  de  bouteille 
douille  rompue  (f) 
culot  (m) 

collet  de  la  douille  (m) 
bordure  de  la  douille  (f) 
rupture  de  la  douille  (f) 


linear  momentum . 

law  of  conservation  of  momentum 

interior  ballistics . 

internal  energy . 

internal  friction . 

iris  diaphragm . 


quantite  de  mouvement  (f) 
loi  de  la  conservation  de  la 
quantite  de  mouvement 
balistique  interieure  (f) 
energie  interne  (f) 
frottement  interne  (m) 
diaphragme  iris  (m) 


hunting. 


Jagd(f). 


chasse  (f) 
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Jagdflinte  (f) . shotgun . fusil  de  chasse  (m) 

jagdliches  SchieBen  (n) . hunting  shooting . tir  de  chasse  (m) 

Jagdmesser  (n) . hunting  knife . couteau  de  chasse  (m) 

Jagdwaffe  (f) . hunting  weapoin . arme  de  chasse  (f) 

Justierung  (f) . adjustment . reglage  (m) 


Kadenz  (f) . 

Kaliber  (n) . 

Kaliber  (Schrot)  (n) . 

Kaliberquerschnittsflache  (f). 

kalibrieren . 

Kalibrierpresse  (f) . 

Kaliumchlorat  (n) . 

Kaliumnitrat  (n) . 

Kaliumsulfid  (n) . 

Kammerverschluss  (m) . 

Karabiner  (m) . 

Kavitat  (f) . 

Kegelmantel  (m) . 

Kennwert  (m) . 

Kerbe  (f) . 

Kimme  (f) . 

Kimmenblatt  (n) . 

kinetische  Energie  (f) . 

kippen . 

Kipphebel  (m) . 

Kipplauf  (m) . 

Kipplaufbiichse  (f) . 

Kipplaufverschluss  (m) . 

Kippmoment  (n) . 


rate  of  fire . 

calibre,  bore,  size . 

gauge . 

cross-sectional  area . 

calibrate,  size . 

calibrating  press,  sizing  press. 

potassium  chlorate . 

potassium  nitrate . 

potassium  sulphide . 

cylinder  lock 

carbine . 

cavity . 

surface  of  a  cone . 

parameter . 

notch . 

rear  sight,  notch . 

rear  sight  leaf,  rear  sight  slide 

kinetic  energy . 

to  pitch,  to  overturn . 

armed  lever . 

break-action  gun . 

tip-up  rifle . 

tip-up  lock . 

overturning  moment . 


Kleinkalibergewehr  (n) .... 

Knall  (m) . 

Knallpatrone  (f) . 

Knallquecksilber  (n) . 

Kniegelenkverschluss  (m) 

kniend . 

Kohasivkraft  (f) . 

Kohlendioxid  (n) . 

Kolben  (Druck)  (m) . 

Kolben  (Gewehr)  (m) . 

Kompressibilitat  (f) . 

Kompressionsmodul  (m).. 

konisch . 

Kontinuitatsgleichung  (f) . 

Koordinatensystem  (n) . 

kopfvoran . 

Korn  (n) . 

Komsattel  (m) . 

Komschutz  (m) . 

Komtrager  (m) . 

Kraftegleichgewicht  (n) ... 
Krafteverhaltnis  (n) . 


small  bore  rifle . 

report . 

petard . 

mercury  fulminate .... 

toggle  action  bolt . 

kneeling . 

cohesive  force . 

carbon  dioxide . 

piston . 

butt  (of  weapon) . 

compressibility . 

bulk  modulus . 

tapered,  conical . 

continuity  equation... 

coordinate  system . 

head-first . 

foresight . 

foresight  ramp . 

foresight  protector .... 

foresight  base . 

equilibrium  of  forces 
ratio  of  forces . 


cadence  (f) 
calibre  (m) 
calibre  (m) 
section  (f) 
calibrer,  etalonner 
presse  a  calibrer  (f) 
chlorate  de  potassium  (m) 
nitrate  de  potassium  (m) 
sulphide  de  potassium  (m) 

carabine  (f),  mousqueton  (m) 
cavite  (f) 

surface  du  cone  (f) 
parametre  (m) 
encoche  (f) 

hausse  (f),  cran  de  mire  (m) 
feuillet  (m) 
energie  cinetique  (f) 
basculer 
culbuteur  (m) 
canon  basculant  (m) 
carabine  expresse  (f) 
culasse  tombante,  -  basculante 
moment  de 

basculement  (m) 
carabine  de  petit  calibre  (f) 
detonation  (f) 
petard  (m) 

fulminate  de  mercure  (m) 
culasse  a  genouillere  (f) 
a  genoux 

force  de  cohesion  (f) 
dioxyde  de  carbone  (f) 
piston  (m) 
crosse  (f) 
compressibilite  (f) 
module  de  compressibilite  (m) 
conique 

equation  de  continuite  (f) 
systeme  de  coordonnees  (m) 
la  tete  la  premiere 
guidon  (m) 
porte-guidon  (m) 
protege-guidon  (m) 
porte-guidon  (m) 
equilibre  des  forces  (m) 
rapport  des  forces  (m) 
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KraftstoB  (m) . 

Kreisbewegung  (f) . 

Kreisbogenstiick  (n) . 

Kreisel  (m) . 

Kreisel  (Spielzeug  -)  (m) . 

Kreiseleffekt  (m) . 

Kreisfrequenz  (f) . 

kristallin  (fest) . 

kritischer  Fehler  (m) . 

Rriimmung  (f) . 

Kugelfang  (m) . 

Kugelpulver  (n) . 

Kupfer  (n) . 

Kurzbahnmunition  (f) . 

Kurzwaffe  (f) . 

Ladedichte  (f) . 

Ladeloffel  (m) . 

Ladung  (f) . 

Lager  (n) . 

Lagerreibung  (f) . 

Lange  (f) . 

Langenabweichung  (f) . 

Langenstreuung  (f) . 

Langwaffe  (f) . 

Lauf  (m) . 

Lauf  mit  Chokebohrung  (m) 

Laufabnutzung  (f) . 

Laufachse  (f) . 

Laufbohrung  (f) . 

Laufdurchgangszeit  (f) . 

laufender  Keiler  (m) . 

Laufgewicht  (n) . 

Lauflange  (f) . 

Laufschiene  (f) . 

Laufsprengung  (f) . 

Laufstecker  (m) . 

Laufverbleiung  (f) . 

Lebhaftigkeit  (f) . 

Lefaucheuxziindung  (f) . 

Leistung  (physikalisch)  (f) ... 

Leuchtgeschoss  (n) . 

Leuchtsatz  (m) . 

Leuchtspurgeschoss  (n) . 

Lichtstarke  (f) . 

liegend . 

Loch  (n) . 

Lochblende  (f) . 

Luftgewehr  (n) . 

Luftgewehrgeschoss  (n) . 

LuftgewehrschieBen  (n) . 


impulse . 

circular  motion . 

arc  of  a  circle . 

gyroscope . 

top . 

gyro  effect . 

angular  frequency . 

crystalline . 

critical  defect . 

curvature . 

butt  (behind  target) . 

ball  powder . 

copper . 

short-range  ammunition 
handgun . 


impulsion  (f) 
mouvement  circulaire  (m) 
arc  de  cercle  (m) 
gyroscope  (m) 
toupie  (f) 

effet  gyroscopique  (m) 
frequence  angulaire  (f) 
cristallin 

defaut  critique  (m) 
courbure  (f) 

pare-balles  (m),  butte  (f) 
poudre  spherique  (f) 
cuivre  (m) 

munition  a  courte  portee  (f) 
arme  de  poing  (f) 


loading  density . densite  de  chargement  (f) 

carrier,  feeder . auget  (m) 

charge . charge  (f) 

pivot . support  (m) 

pivot  friction . friction  de  support  (f) 

length . longueur  (f) 

length  deviation,  linear  deviation...  ecart  en  portee  (m) 

variation  in  length . dispersion  en  portee  (f) 

shoulder  weapon . arme  d’epaule  (f) 

barrel . canon  (m) 

choked  barrel . canon  avec  choke  (m) 

barrel  wear . usure  du  canon  (f) 

barrel  axis . ante  (f) 

bore . alesage  du  canon  (m) 

barrel  time . temps  de  parcours  de 

Fame  (m) 

running  boar . sanglier  courant  (m) 

counterweight . contrepoids  (m) 

barrel  length . longueur  du  canon  (f) 

barrel  rib . bande  (de  visee)  (f) 

barrel  burst,  premature  -  - . eclat  du  canon  (m) 

stuck  bullet . balle  restee 

(dans  le  canon)  (f) 

lead-fouled  barrel . plombage  du  canon  (m) 

vivacity . vivacite  (f) 

pin  fire  ignition . percussion  a  broche  (f) 

power . puissance  (f) 

flare . balle  eclairante  (f) 

tracer . composition  lumineuse  (f) 

tracer  bullet . balle  trapante  (f) 

brightness . luminosite  (f) 

prone . couche 

hole,  peep . trou  (m) 

aperture,  peep . oeilleton  (m) 

air  rifle . carabine  a  air  comprime  (f) 

airgun  pellet . plomb  Diabolo  (m) 

air-rifle  shooting . tir  a  air  comprime  (m) 
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Luftpistole  (f) . air  pistol . pistolet  a  air 

(comprime)  (m) 

Luftsaule  (f) . air  column . colonne  d'air  (f) 

Luftwiderstandsbeiwert  (m) . air  drag  coefficient . coefficient  de  resistance 

a  fair  (m) 

Luftwiderstand  (m) . air  drag,  -  resistance . resistance  a  fair  (f) 

Lunte  (f) . match . meche  (f) 

Luntenschloss  (n) . match-lock . platine  a  meche  (f) 


Magazin  (n) . 

Magazinfeder  (f) . 

Magazingehause  (n) . 

Manipulierpatrone  (f) . 

Mantel  (m) . 

Mantelgeschoss  (n) . 

Maschinengewehr  (n) . 

Maschinenpistole  (f) . 

MaBeinheit  (f) . 

Masseteilchen  (n) . 

Masseverschluss  (m) . 

MaBsystem  (n) . 

Matchabzug  (m) . 

mathematisches  Pendel  (n) . 

Maximaldruck  (m) . 

Messfolge  (f) . 

MessgroBe  (f) . 

Messing  (n) . 

Messtechnik  (f) . 

Mikrometerdiopter  (m) . 

Mitnehmer  (m) . 

Mittelwert  (m) . 

mittlere  Abweichung  (f) . 

mittlerer  Streukreisradius  (m) 


magazine . 

magazine  spring . 

magazine  housing . 

dummy  cartridge,  drill  round 

jacket . 

jacketed  bullet . 

machine  gun . 

submachine  gun . 

unit . 

mass  element . 

blowback  system . 

system  of  units . 

match-trigger . 

simple  pendulum . 

maximum  pressure . 

conversion  rate 

measured  quantity . 

brass . 

measurement  techniques . 

micrometer  sight . 

tappet,  cam,  dog . 

mean . 

mean  deviation . 

mean  radius  (of  dispersion)... 


Momentenbeiwert  (m) . overturning  moment  coefficient 


Miindung  (f) . muzzle . 

Miindungsbremse  (f) . muzzle  brake . 

Miindungsenergie  (f) . muzzle  energy . 

Miindungsfeuer  (n) . secondary  (muzzle)  flash. 

Miindungsgeschwindigkeit  (f) . muzzle  velocity . 

Miindungsimpuls  (m) . muzzle  momentum . 


Miindungsknall  (m) . 

Miindungsknalldampfer  (m) 

Munition  (f) . 

Munitionsfabrik  (f) . 

Munitionskennzeichnung  (f) 

Muster  (n) . 

Mutter  (f) . 


muzzle  blast . 

silencer . 

ammunition . 

ammunition  plant,  -  factory., 
ammunition  marking,  -  code 

sample . 

nut . 


chargeur,  magasin  (m) 
ressort  du  chargeur  (m) 
puits  du  chargeur  (m) 
cartouche  de  manipulation  (f) 
manteau  (m),  chemise  (f) 
balle  chemisee  (f) 
mitrailleuse  (f) 
pistolet  mitrailleur  (m) 
unite  de  mesure  (f) 
elements  de  masse  (m) 
culasse  a  inertie  (f) 
systeme  d’ unites  (m) 
detente  de  match  (f) 
pendule  mathematique  (m) 
pression  maximale  (f) 

grandeur  mesuree  (f) 
laiton  (m) 

technique  de  mesure  (f) 
dioptre  micrometrique  (m) 
accrochage  (m) 
moyenne  (f) 
ecart  moyen  (m) 
rayon  moyen 

de  groupement  (m) 
coefficient  du  moment  de 
basculement  (m) 
bouche  (f) 
frein  de  bouche  (m) 
energie  de  bouche  (f) 
feu  de  bouche  (m) 
vitesse  initiale  (f) 
quantite  de  mouvement 
initiale  (f) 

bruit  de  bouche  (m) 
silencieux  (m) 
munition  (f) 
cartoucherie  (f) 
marquage  des  munitions  (m) 
echantillon  (m) 
ecrou  (m) 


Naherung  (f) 
Nase  (f) . 


approximation 
stud,  lug . 


approximation  (f) 
ergot  (m) 
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Neigung  (f) . 

Newton'sche  Axiome  (np) 

nicht  rostend . 

Nickel  (m) . 

Nickelschrot  (m) . 

Niet  (m) . 

Nitrocellulosepulver  (n) ... 
Nitroglycerinpulver  (n) .... 

Nocken  (m) . 

Normalspannung  (f) . 

Notbehelf  (m) . 

Nut  (f) . . 

Nutation  (f) . 


slope,  fall,  gradient . pente  (f) 

Newton's  laws  of  motion . axiomes  de  Newton  (m) 

stainless . antirouille,  inoxydable 

nickel . nickel  (m) 

nickel(plated)  shot . plomb  nickele  (m) 

rivet . rivet  (m) 

single  base  powder  (NC  powder)... poudre  a  simple  base  (f) 
double  base  powder  (NG  powder) .  poudre  a  double  base  (f) 

cam,  lug . ergot,  came  (f) 

normal  stress . force  de  cisaillement  (f) 

stopgap . solution  de  fortune  (f) 

groove,  slot . encoche  (f) 

nutation . nutation  (f) 


Oberflachenbehandlung  (f) . smoothing . lissage  (m) 

offene  Visierung  (f) . open  sight . visee  ouverte  (f) 

Oktogen  (n) . octogen . octogene  (m) 


Papierumwicklung  (f) . 

parabelformig . 

Patrone  (f) . 

Patronengiirtel  (m) . 

Patronenhiilse  (f) . 

Patronenlager  (n) . 

Patronenlagersprengung  (f).. 

Patronenzufuhr  (f) . 

Pendelung  (f) . 

Perkussionsgewehr  (n) . 

Perkussionsziindung  (f) . 

Pfropfen  (m) . 

Pfropfen  mit  Dampfung  (m) 

physikalisches  Pendel  (n) . 

Pikrinsaure  (f) . 

Pistole  (f) . 

Pistolengriff  (m) . 

Pistolenpatrone  (f) . 

Pistolenschutze  (m) . 

Plastikbecherpfropfen  (m).... 

Plastikhiilse  (f) . 

Plastikpfropfen  (m) . 

Plastikschrotpatrone  (f) . 


paper  patch . 

parabolic . 

cartridge . 

cartridge  belt . 

cartridge  case . 

chamber . 

chamber  burst . 

cartridge  feed . 

yaw . 

percussion  rifle . 

percussion  ignition 

wad . 

cushion  wad . 

physical  pendulum 

picric  acid . 

pistol . 

pistol  grip . 

pistol  cartridge . 

pistol  shooter . 

plastic  cup  wad . 

plastic  case . 

plastic  wad . 

plastic  shotshell . 


platzen . 

Platzpatrone  (f) . 

Postenschrot  (n) . 

potenzielle  Energie  (f) . 

Prazession  (f) . 

Prazessionsbewegung  (f) . 

Prazision  (f) . 

Prinzip  der  Unabhangigkeit  von 

Bewegungen  (n) . 

progressiver  Drall  (m) . 

Pulsdauer  (f) . 


burst,  crack . 

blank  cartridge . 

buckshot . 

potential  energy . 

precession . 

yaw . 

accuracy,  precision . 

superposition  principle . 

progressive  twist,  -  groove 
pulse  duration . 


enveloppe  de  papier  (f) 
parabolique 
cartouche  (f) 
ceinture  cartouchiere  (f) 
douille  (f) 

chambre  a  cartouches  (f) 
bascule  brisee  (f) 
alimentation  (de  cartouche)  (f) 
mouvement  pendulaire  (m) 
fusil  a  percussion  (m) 
percussion  a  capsule  (f) 
bourre  (f) 

bourre  a  coussin  (f) 
pendule  physique  (m) 
acide  picrique  (m) 
pistolet  (m) 

poignee  pistolet,  crosse  -  (f) 
cartouche  pour  pistolets  (f) 
pistolier  (m) 

bourre  a  jupe  en  plastique  (f) 
douille  (en)  plastique  (f) 
bourre  en  plastique  (f) 
cartouche  de  chasse  en 
plastique  (f) 
eclater 

cartouche  a  blanc  (f) 
chevrotine  (f) 
energie  potentielle  (f) 
precession  (f) 

mouvement  de  precession  (m) 
precision  (f) 

principe  de  superposition  (m) 
pas  progressif  (m) 
duree  de  pulsation  (f) 
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Pulver  (n) . powder . poudre  (f) 

progressives  - . progressive  burning  powder . poudre  lente  (f) 

degressives  (offensives)  - . degressive  burning  powder . poudre  vive  (f) 

Pulverwaage  (f) . powder  scale . balance  a  poudre  (f) 


Quer . crossways . 

Querschlager  (m) . ricochet,  keyhole . 

Querschnittsbelastung  (f) . sectional  density . 

Querschnittsflache  (f) . cross-sectional  area  . 

Querschnittsverhaltnis  (Duse)  (n) ..  cross-section  ratio.... 

Querstehen  (n) . pitching . 

Querwind  (m) . crosswind . 


transversal,  lateral 
ricochet  (m) 

masse  par  unite  de  section  (f) 
section  (f) 

rapport  d'expansion  (m) 
se  mettre  en  travers 
vent  lateral  (m) 


Radschloss  (n) . wheel-lock . 

Radschlossziindung  (f) . wheel-lock  ignition. 

Rahmen  (m) . frame,  receiver . 

Rakete  (f) . rocket,  missile . 

Rand  (m) . rim . 

Randbedingung  (f) . boundary  condition. 

Randeffekt  (m) . boundary  effect . 

Randfeuerpatrone  (f) . limfire  cartridge . 

Randfeuerziindung  (f) . limfire  ignition . 

Randhulse  (f) . rimmed  case . 

Randpatrone  (f) . rimmed  cartridge .... 

Randrierung  (f) . knurling . 

Randschrot  (m) . flier . 

Raubzeug  (jagbare  Nager)  (n) . vermin . 

rauchloses  Pulver  (n) . smokeless  powder  .. 

raumliche  Ausdehnung  (f) . spatial  expansion .... 

raumlicher  Winkel  (m) . solid  angle . 

Rechteckkom  (n) . square  foresight . 


Rechtssystem  (Koordinaten)  (n)  ....right-handed  system 


Reibempfmdlichkeit  (Sprengst.)  (f)..  friction  sensitivity . 

reibungsfrei . frictionless . 

beziiglich  innerer  Reibung . inviscid . 

Reibungskraft  (f) . frictional  force . 

Reibungszahl  (f) . friction  coefficient . 

Reinigungsgerat  (n) . cleaning  kit . 

ReiBfestigkeit  (f) . resistance  to  tearing . 

Repetierbiichse  (f) . repeating  rifle . 

Repetierflinte  (f) . repeating  shotgun . 

Resonanz  (f) . resonance . 

Restenergie  (f) . residual  energy . 

Restgeschwindigkeit  (f) . remaining  velocity . 

Revolver  (m) . revolver . 

Revolverpatrone  (f) . revolver  cartridge . 

Riegel  (m) . latch,  bolt . 

Riemen  (m) . sling,  strap,  lanyard . 

Ringkorn  (n) . ring  foresight,  aperture  - 

Rippe  (f) . rib  . 

Rohrchenpulver  (n) . tubular  powder . 


platine  a  rouet  (f) 
percussion  a  rouet  (f) 
carcasse  (f) 
fusee  (f),  roquette  (f) 
bourrelet  (m) 
condition  aux  limites  (f) 
effet  aux  limites  (m) 
cartouche  a  percussion 
-  annullaire  (f) 
percussion  annulaire  (f) 
douille  en  bourrelet  (f) 
cartouche  a  bourrelet  (f) 
cannelure  (f) 

rongeur  (m) 
poudre  pyroxylee  (f) 
volume  (m) 
angle  solide  (m) 
guidon  rectangulaire  (m) 
systeme  oriente  a  la 
main  droite  (m) 
sensibilite  au  frottement  (f) 
sans  frottement 
non-visqueux 
force  de  frottement  (f) 
coefficient  de  frottement  (m) 
necessaire  de  nettoyage  (m) 
resistance  au  dechirement  (f) 
carabine  a  repetition  (f) 
fusil  a  repetition  (m) 
resonance  (f) 
energie  residuelle  (f) 
vitesse  restante  (f) 
revolver  (m) 

cartouche  pour  revolvers  (f) 
verrou  (m),  verrouillage  (m) 
bretelle  (f) 
guidon  annulaire  (m) 
ailette,  nervure  (f) 
poudre  tubulaire  (f) 
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Rohrenmagazin  (n) . 

Rost  (m) . 

rostfrei . 

rostig . 

rostschiitzend . 

Rostschutzmittel  (n) .... 
Rotationsbewegung  (f) 

Rotationsenergie  (f) . 

rotationssymetrisch . 

Ruckholfeder  (f) . 

Ruckkopplung  (f) . 

RiickstoB  (m) . 

Riickstofienergie  (f) . 

RiickstoBlader  (m) . 

RiickstoBminderer  (m) 

Ruhelage  (f) . 

ruhend . 

Rundkopfgeschoss  (n) . 


tubular  magazin,  tube  magazine . chargeur  tubulaire  (m) 

rust . rouille  (f) 

stainless . inoxydable 

rusty . rouille 

anticorrosive . antirouille 

rust  preventing  agent . solution  antirouille  (f) 

rotation . mouvement  de  rotation  (m) 

rotational  kinetic  energy . energie  cinetique  de  rotation 

rotational  symmetry . symmetrique  par  rapport 

a  une  axe 

return  spring . ressort  recuperateur  (m) 

feedback . retroaction  (f) 

recoil,  blowback . recul  (m) 

recoil  energy . energie  du  recul  (f) 

recoil  operated  gun,  blowback  -  -...  automatique  par  recul 

recoil  reducer,  -  pad . plaque  de  couche  antirecul  (f) 

rest  position . position  de  repos  (f) 

resting . au  repos 

round-nose  bullet . balle  a  tete  ronde  (f) 


Sandstrahlen . 

Saugeffekt  (m) . 

Schaft  (m) . 

Schaft  mit  Daumenloch  (m) 

Schaftbacke  (f) . 

Schaftkappe  (f) . 

Schalldampfer  (m) . 

Schallgeschwindigkeit  (f) ... 
Schaltzahn  (Revolver)  (m).. 

Schattenaufnahme  (f) . 

Scheibe  (f) . 

Scheibenpulver  (n) . 

Scheibenzuganlage  (f) . 

Scheitel  (m) . 

Scheiteldistanz  (f) . 

Scheitelhohe  (f) . 

Scherspannung  (f) . 

Scherviskositat  (f) . 

Schieber  (m) . 

SchieBen  (n) . 

SchieBpulver  (n) . 

SchieBstand  (m) . 

Schlachtpatrone  (f) . 

Schlagbolzen  (m) . 

Schlagbolzenfeder  (f) . 

Schlagempfindlichkeit  (f) ... 

Schlagfeder  (f) . 

Schlagstiick  (n) . 

schlank . 

Schlankheit  (f) . 

Schlankheitsgrad  (m) . 

Schloss (n) . 


sand-blast . sabler 

suction  effect . effet  de  succion  (m) 

stock . crosse  (f) 

thumbhole  stock . crosse  a  trou  de  pouce  (f) 

cheekpiece . appui-joue  (m) 

buttplate . plaque  de  couche  (f) 

silencer . silencieux  de  son  (m) 

velocity  of  sound . vitesse  du  son  (f) 

gear(notch),  sprocket . dent  de  rochet  (f) 

shadowgraph . ombrogramme  (m) 

target,  disc . bague  (f),  cible  (f),  disque  (m) 

disc  powder . poudre  a  disque  (f) 

target  transport  device . rameneur  (de  cible)  (m) 

vertex . sommet  (m) 

vertex  distance . distance  du  sommet  (f) 

vertex  height . hauteur  du  sommet  (f) 

shear  stress . tension  de  cisaillement  (f) 

dynamic  viscosity . viscosite  (f) 

slide . poussoir  (m),  tirette  (f) 

shooting,  firing . tir  (m) 

gunpowder . poudre  (f) 

shooting  range . stand  de  tir  (m) 

cattle  killer  cartridge,  slaughter  - ...  cartouche  (f)  pour  appareils 

d'abattage 

firing  pin . marteau,  percuteur  (m) 

firing  pin  spring . ressort  de  percuteur  (m) 

impact  sensitivity . sensibilite  a  l'impact  (f) 

main  spring . ressort  de  percussion  (m) 

hammer,  striker . marteau  (m) 

slender . svelte 

slenderness . sveltesse  (f) 

slenderness  ratio . degre  de  sveltesse  (m) 

bolt,  lock,  breech,  action . batterie  (f) 
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Schlosstrager  (m) . 

Schmauchspuren  (fp) . 

Schmelzpunkt  (m) . 

Schnellfeuergewehr  (n) . 

Schnellfeuerpistole  (f) . 

Schonzeitwaffe  (f) . 

Schrapnell  (n) . 

Schraube  (f) . 

Schraubenmutter  (f) . 

Schrot  (m) . 

Schrotflinte  (f) . 

Schrotgarbe  (f) . 

Schrotkugel  (f) . 

Schrotpatrone  (f) . 

Schub  (Rakete)  (m) . 

Schubkraft  (f) . 

Schubspannung  (f) . 

Schulterhulse  (f) . 

schulterstabilisiert . 

Schulterwaffe  (f) . 

Schuss  (m) . 

Schussdistanz  (f) . 

Schusskanal  (m) . 

Schusslochpriifer  (m) . 

Schusspflaster  (n) . 

Schussrichtung  (f) . 

Schusstafel  (f) . 

Schussweite  (f) . 

Schusswinkel  (m) . 

Schwalbenschwanz  (m) . 

Schwarzpulver  (n) . 

Schwarzpulverziindschnur  (f) 

Schwenkachse  (f) . 

Schwerpunkt  (m) . 

Schwingungsbauch  (m) . 

Seelenachse  (f) . 

Seitenabweichung  (f) . 

Seitenschloss  (n) . 

Seitenstreuung  (f) . 

seitlich . 

seitlicher  Wind  (m) . 

seitwarts . 

Selbstladeflinte  (f) . 

Selbstladegewehr  (n) . 

Selbstladepistole  (f) . 

Selbstziindung  (f) . 

Seriefeuer  (n) . 

Sicherheit  (f) . 

Sicherheitsfliigel  (m) . 

Sicherheitsschieber  (m) . 


lock  plate . platine  (f) 

gunshot  residue . residues  de  tir  (mp) 

melting  point . point  de  fusion  (m) 

assault  rifle . fusil  mitrailleur  (m) 

rapid-fire  pistol . pistolet  rafaleur  (m) 

closed  season  arm,  varmint  rifle . arme  pour  la  chasse 

fennee  (f) 

shrapnel . shrapnel  (m) 

screw . vis  (f) 

nut . ecrou  (m) 

shot . grenaille  (f) 

shotgun . fusil  de  chasse  (m) 

shot  sheaf . gerbe  (f) 

shot  pellet . plomb  (de  chasse)  (m) 

shotgun  cartridge,  shotshell . cartouche  de  chasse  (f) 

thrust . poussee  (f) 

shear  force . force  de  poussee  (f) 

shear  stress . tension  de  cisaillement  (f) 

bottleneck  case . douille  a  epaulement  (f) 

shoulder  stabilized . stabilise  par  l'epaule 

shoulder  weapon . arme  d'epaule  (f) 

round,  shot . coup,  tir  (m) 

range . portee  (f) 

wound  channel . trajet  du  projectile  dans 

les  chairs  (m) 

score  gauge,  scorer . axe  jaugeur  (m),  jauge  (f) 

target  patch . palette  (de  tir)  (f) 

line  of  departure . direction  de  tir  (f) 

firing  table,  range  table . table  de  tir  (f) 

range . portee  (f) 

angle  of  shot . angle  de  tir  (m) 

dove  tail . queue  d'arronde  (f) 

black  powder . poudre  noir  (f) 

safety  fuze . meche  de  surete  (f) 

pivot . pivot  (m) 

centre  of  mass . centre  de  masse  (m) 

centre  of  gravity  -  de  gravite  (m) 

maximum  amplitude . amplitude  maximale  (f) 

axis  of  the  bore,  -  of  gun . ante  (f) 

lateral  deviation . ecart  lateral  (m) 

side  lock . contre-platine  (f) 

lateral  dispersion,  -  spread . dispersion  lateral  (f) 

lateral . lateral 

crosswind . vent  laterale  (m) 

sideways . penche,  incline 

automatic  shotgun,  autoloading  - ...  fusil  de  chasse  automatique  (m) 
automatic  rifle,  self-loading  rifle....  fusil  automatique  (m) 

semi-automatic  pistol . pistolet  automatique  (m) 

cook-off . auto-allumage  (m) 

automatic  fire . rafale  (f),  feu  de  serie  (m) 

safety . surete,  securite  (f) 

safety  catch . levier  de  surete  (m) 

safety  slide . surete  (f) 
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Sicherheitsstift  (m) . safety  pin . 

Sicherung  (f) . safety  device . 

Siedepunkt  (m) . boiling  point . 

single  action . single  action . 

sinusformig . sinusoidal . 

Skalarprodukt  (Vektoren)  (n) . dot  product . 

Sollbruchstelle  (f) . predetermined  breaking  point . 

Spalt  (m) . gap . 

spannen . cock . 

Spannhebel  (m) . cocking  lever . 

Spannstiick  (n) . cocking  piece . 

Spannung  (f) . stress . 

Spektiv  (n) . spotting  scope . 

Spiralfeder  (f) . coil  spring,  helical  - . 

Spitzgeschoss  (n) . pointed  bullet,  spitzer  - . 

Splitter  (Geschoss)  (m) . fragment . 

Splitter  (Holz,  Glas)  (m) . splinter . 

Sportwaffe  (f) . spoiler,  sporting  arm . 

Sprengkapsel  (f) . blasting  cap . 

Sprengschnur  (f) . detonating  fuze . 

Stahl  (m) . steel . 

Stahlhiilse  (f) . steel  case . 

Stahlkemgeschoss  (n) . steel-core  bullet . 

Stahlmantelgeschoss  (n) . steel-jacketed  bullet . 

Standardabweichung  (f) . standard  deviation . 

Stange  (f) . rod,  bar . 

Starr . rigid . 

starrer  Korper  (m) . rigid  object . 

staubdicht . dustproof. . 

Staudruck  (m) . stagnation  pressure . 

Staupunkt  (m) . stagnation  point . 

Stecher  (m) . hair  trigger,  double  set  - . 

Stecherschloss  (n) . hair  trigger  lock . 

stehend . standing . 

Steilheit  (Griff)  (f) . steepness . 

Steinschloss  (n) . flintlock . 

Steinschlossziindung  (f) . flintlock  ignition . 

Stempel  (m) . mark . 

Stemverschluss  (m) . star  crimp,  fold  crimp . 

Stielhandgranate  (f) . stick  grenade . 

Stift  (m) . pin . 

Stiftziindung  (f) . pin  fire  (ignition) . 

Stirnflache  (f) . face . 

stoffliche  Zusammensetzung  (f) ....  material  composition . 

Stoppinen  (f) . thin  firing  tapes . 

Storung  (f) . disturbance . 

StoB  (m) . impact . 

StoB  (physikalisch)  (m) . collision . 

StoBboden  (m) . action  face . 

StoBwelle  (f) . shock  wave . 

StoBzeit  (f) . impact  time . 

Streuung  (f) . grouping,  dispersion,  spread  ... 


goupille  de  surete  (f) 
mecanisme  de  securite  (m) 
point  d'ebullition  (m) 
simple  action 
sinusoidal 
produit  scalaire  (m) 
amorce  de  rupture  (f) 
fente  (f) 
armer 

levier  d'armement  (m) 
dispositif  d'armement  (m) 
tension  (f) 
longue  vue  (f) 
ressort  a  boudin  (m) 
balle  pointue  (f) 
eclat  (projectile)  (m) 
eclat  (bois,  verre)  (m) 
arme  de  sport  (f) 
detonateur  (m) 
cordeau  detonant  (m) 
acier  (m) 

douille  (en)  acier  (f) 
balle  a  noyau  en  acier  (f) 
bade  blindee  (f) 
ecart-type  (m) 
tige  (f) 
rigide 

corps  rigide  (m) 
etanche  aux  poussieres 
pression  de  la  retenue  (f) 
point  de  stagnation  (m) 
double  detente  (f) 
platine  a  double  detente  (f) 
debout 

pente,  inclinaison  (f) 
platine  a  silex  (f) 
percussion  a  silex  (f) 
poin^on  (m) 

fenneture  etoile,  -  stellaire  (f) 
grenade  a  manche  (f) 
goupille  (f) 

percussion  a  broche  (f) 
face  (f) 

composition  (chimique)  (f) 
etoupille  (f) 
derangement  (m) 
impact,  choc  (m) 
choc  (m) 

bascule  (f),  tonnere  (m) 
onde  de  choc  (f) 
duree  du  choc  (f) 
dispersion  (f),  ecart  (m) 
groupement  (m) 
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Stromfaden  (m) . streamline . ligne  de  courant  (f) 

Stromung  (f) . flow . ecoulement,  flux  (m) 

Stromungsgeschwindigkeit  (f) . fluid  velocity . vitesse  d'ecoulement  (f) 

Stromungsquerschnitt  (f) . flow  cross-section . section  d'ecoulement  (f) 

Stromungswiderstand  (m) . flow  resistance . resistance  a  l'ecoulement  (f) 

Sturmgewehr  (n) . assault  rifle . fusil  d'assault, 

fusil  mitrailleur  (m) 

Stutzer  (m) . short  rifle . carabine  (f) 

Summand  (m) . addend . terme  d'une  addition  (m) 


Taumeln . 

Teildrehung  (f) . 

Teilmantelgeschoss  (n) . 

thermodynamische 

ZustandsgroBe  (f) . 

Tiefpassfilter  (n) . 

Tombak  (m) . 

tombakplattierter  Stahl  (m) 

Tontaube  (f) . 

Torsionspendel  (n) . 

Tragheit  (f) . 

Tragheitsmoment  (n) . 

transsonisch . 

Treffer  (m) . 

Trefferbild  (n) . 

Treffererwartung  (f) . 

Treffpunkt  (m) . 

Treffpunktabweichung  (f) .. 

Treffsicherheit  (f) . 

Treibkafig  (m) . 

Treibmittel  (n) . 

Treibspiegel  (m) . 

trichterformig . 

Triggerstop  (m) . 

Trinitrotoluol  (n) . 

trockener  Abzug  (m) . 

Trockentraining  (n) . 

Trommel  (f) . 

Trommelachse  (f) . 


yaw,  tumble . tomnoyer 

partial  rotation . rotation  partielle  (f) 

semi-jacketed  bullet,  soft-nose  - ....  balle  semi-blindee  (f) 


thermodynamic  state  variable 
-  parameter  of  state 

low-pass  filter . 

tombac,  gilding  metal . 

tombac -plated  steel . 

clay  pigeon,  clay  bird,  target.. 

torsional  pendulum . 

inertia . 

moment  of  inertia . 

transonic . 

hit,  score . 

pattern . 

chance  of  hit . 

point  of  impact . 

deviation  of  point  of  impact ... 

accuracy . 

cage . 

propellant . 

sabot . 

funnel-shaped . 

triggerstop,  backlash . 

trinitrotoluene . 

dry  trigger . 

dry  practice,  dry  firing . 

cylinder . 

axle  of  cylinder . 


variable  d'etat  (m) 

fibre  passe-bas  (m) 
tombac  (m) 

acier  plaque  de  tombac  (m) 
pigeon,  -  d'argile  (m) 
pendule  de  torsion  (m) 
inertie  (f) 

moment  d'inertie  (m) 
transsonique 
coup  portant,  touche  (m) 
image  des  touches  (f) 
probability  de  toucher  (f) 
point  d’ impact  (m) 
ecart  du  point  d’ impact  (m) 
assurance  de  toucher  (f) 
sabot  (m) 

charge  propulsive  (f) 
sabot  (m) 

en  forme  d'entonnoir 
immobilisation  de  detente 
trinitrotoluene  (m) 
detente  seche  (f) 
entrainement  a  sec  (m) 
barillet  (m) 

pivot  de  barillet,  axe  de  -  (m) 


Ueberdruck  (bez.  Atmosphare) . gauge  pressure . 

Ubergang  (Zustand)  (m) . crossover . 

iiberholen . pass,  overtake . 

Uberschall- . supersonic . 

iiberschwingen . overshooting . 

Ubungsmunition . practice  ammunition . 

Umfangsgeschwindigkeit  (f) . circumferential  velocity  .. 

umkehrbar . reversible . 

umkippen . overturn . 

ummantelt . jacketed . 

Umschlagwinkel  (m) . angle  of  transition . 

umstromter  Korper  (m) . body  surrounded  by  flow 


surpression  (f) 
transition  (f) 
depasser 
suprasonique 
surosciller 

munition  d'exercice  (f) 
vitesse  tangentielle  (f) 
reversible 
renverser,  basculer 
blinde 

angle  de  transition  (m) 
corps  mouille  (m) 
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Unterdmck  (m) . depression . depression  (f) 

Unterdmck  (bez.  Atmosphare)  (m) .  negative  gauge  pressure . depression  (f) 

Unterhebelrepetierer  (m) . lever  action  gun . fusil  a  levier  de  sous-garde  (m) 

Unterkaliber  (n) . subcalibre . sous-calibre 

Unterlegscheibe . washer . bague  (f) 

Unterschall- . subsonic . subsonique 

Vektorprodukt  (n) . cross  product . produit  vectoriel  (m) 

Ventil  (n) . valve . soupape  (f) 

ventilierte  Laufschiene  (f) . ventilated  barrel  rib . bande  ventilee  (f) 

verbleit . leaded,  lead  fouled . plombe 

Verbrennung  (f) . combustion . combustion  (f) 

verchromt . chromium-plated . chrome 

Verdrangung  (f) . displacement . deplacement  (m) 

Verdiinnung  (f) . dilution . dilution  (f) 

Verhaltniszahl  (f) . ratio . rapport  (m) 

verkeilt . wedged . cale 

verkupfert . copper-plated . coupre 

vermessingt . brass-coated,  brass-plated . laitonne 

verminderte  Geschwindigkeit  (f) ...  decreased  velocity . vitesse  reduite  (f) 

vernickelt . nickel-plated . nickele 

Verpackung  (f) . packing . emballage  (m) 

verriegelt . locked . verrouille 

Verriegelung  (f) . catch,  latch,  lock,  latching . verrou  (m),  verrouillage  (m) 

Vertiegelungsnut  (f) . locking  groove . encoche  de  verrouillage  (f) 

Verriegelungswarze  (f) . (locking)lug . tenon  (m) 

verrostet . oxidated,  oxidized . rouille 

Versager  (m) . misfire,  failure . rate  (m) 

VerschleiB  (m) . wear . usure  (f) 

Verschluss  (m) . action,  bolt,  breech,  lock . culasse  (f) 

fermeture  (f) 

Verschlussblock  (m) . breech  block . bloc  culasse  (m) 

Verschlussgehause  (n) . receiver . bolder  de  culasse  (m) 

Verschlusshebel  (m) . action  lever,  locking  -,  bolt  handle  ..levier  de  culasse  (m) 

Verschlusskopf  (m) . bolt  head . tete  de  culasse  (f) 

verstellbar . ajustable . reglable 

verstellbarer  Abzug  (m) . adjustable  trigger . detente  reglable  (f) 

verzogerter  Masseverschluss  (m) . . .  delayed  blowback  system . culasse  a  ouverture  retardee  (f) 

Verzogerung  (f) . deceleration,  retardation . deceleration  (f) 

Verzogerangskoeffizient  (m) . deceleration  coefficient . coefficient  de  deceleration  (m) 

Visier  (n) . rear  sight . hausse  (f) 

visieren . sight,  aim . viser,  pointer 

Visierlange  (f) . length  of  line  of  sight . 


. longueur  de  la  visee,  (f) 

-  de  la  ligne  de  mire  (f) 

Visierlinie  (f) . line  of  sight,  axis  of  sight . ligne  de  mire  (f) 

Visierung  (f) . sights . hausse,  visee  (f) 

Viskositat  (f) . viscosity . viscosite  (f) 

Vollchoke  (m) . full  choke . plein  choke 

Vollchokelauf  (m) . full  choked  barrel . canon  a  plein  choke  (m) 

Vollgeschoss  (n) . solid  (homogeneous)  bullet . projectile  plein  (m) 

Vollmantelgeschoss  (n) . full  metal  jacket  bullet . balle  blindee  (f) 

Vorderlader  (m) . muzzle  loader . anne  a  chargement  par 

la  bouche 
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Vorderschaft  (m) . forearm,  fore-end . devant,  fut  (m) 

Vorholfeder  (f) . recuperator  spring . ressort  recuparateur  (m) 

Vorlaufer  (m) . precursor . precurseur  (m) 

Vorsprung  (m) . lug,  stud . ergot  (m) 

Vorstecker  (m) . safty  pin . goupille,  goupille  de  surete  (f) 

Vorzeichen  (n) . sign . signe  (m) 


Wachs  (n) . 

Wadcutter(-geschoss)  (n).... 

Waffe  (f) . 

Waffenkoffer  (m) . 

Waffennummer  (f) . 

Walze  (f) . 

Wandstarke  (f) . 

Warmeenergie  (f) . 

Warmeentwicklung  (f) . 

Warmeleitung  (f) . 

Warmemenge  (f) . 

Warmezustand  (m) . 

Warzenverriegelung  (f) . 

wasserdicht . 

Wasserwaage  (f) . 

Wechselkorn  (n) . 

Wechsellauf  (m) . 

Wegdifferenz  (f) . 

Weichblei  (n) . 

Wettkampf  (m) . 

Wettkampfgewehr  (n) . 

Widerstandsbeiwert  (m) . 

Widerstandskraft  (f) . 

Wiederladen  (n) . 

Wiederladepresse  (f) . 

Wiederladewerkzeug  (n) . 

Wild  (n) . 

Winkel  (m) . 

Winkelbeschleunigung  (f)... 
Winkelgeschwindigkeit  (f).. 

Wirkflache  (f) . 

Wirkung  (f) . 

Wirkungsgrad  (m) . 

Wirkungslinie,  -richtung  (f) 

wolben . 

Wundhohle  (f) . 

Wurftaube  (f) . 

Wurfwinkel  (m) . 

Wiirgerille  (f) . 

Zahigkeit  (dynamische)  (f). 

kinematische  - . 

Zahlenwert  (m) . 

Zeitachse  (f) . 


wax . 

wadcutter . 

.  cire  (f) 

. wad-cutter 

arm,  weapon . 

gun  case . 

serial  number  of  a  weapon . 

. arme  (f) 

. valise  pour  arme  (f) 

. numero  de  serie  de  1’arme  (m) 

cylinder . 

. bardlet  (m) 

thermal  energy,  heat . 

. energie  thermique  (f) 

thermic  development . 

thermal  conduction . 

. production  de  chaleur  (f) 

. conduction  thermique  (f) 

quantity  of  heat . 

thermal  state . 

. quantite  de  chaleur  (f) 

. etat  thermique  (m) 

lug-locking  system 
waterproof . 

. etanche 

spirit  level . 

insert  foresight, . 

. niveau  a  bulle  (m) 

. guidon  interchangeable  (m) 

interchangeable  - 

interchangeable  barrel . 

. canon  interchangable  (m) 

displacement . 

. deplacement  (m) 

soft  lead . 

competition,  match . 

. plomb  doux  (m) 

. competition  (f),  match  (m) 

match  rifle . 

. carabine  de  competition  (m) 

drag  coefficient . 

. coefficient  de  resistance  (m) 

resisting  force . 

. resistance  (f) 

reloading,  handloading . 

. rechargement  (m) 

reloading  press . 

reloading  tool . 

. presse  a  recharger  (f) 

. outillage  pour  le 

game . 

angle . 

rechargement  (m) 

. gibier  (m) 

. angle  (m) 

angular  acceleration . 

angular  velocity . 

. acceleration  angulaire  (f) 

. vitesse  angulaire  (f) 

effect . 

efficiency . 

. effet  (m) 

. rendement  (m) 

line  of  action . 

. direction  de  faction  (f) 

vault . 

permanent  cavity . 

.  cintrer 

. cavite  permanente  (f) 

clay  bird,  clay-pigeon,  target . 

angle  of  projection . 

. pigeon  (d'argile)  (m) 

. angle  de  projection  (m) 

cannelure . 

. cannelure  (f) 

viscosity . 

kinematic  viscosity . 

numerical  value . 

. viscosite  (f) 

. viscosite  cinematique  (f) 

. valeur  numerique  (f) 

timing  axis . 

. axe  du  temps  (m) 
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Zeitkonstante  (f) . 

Zentralfeuemng  (f) . 

Zentralziindung  (f) . 

Zerlegungsgeschoss  (n) . 

Ziel  (n) . 

zielen . 

Zielen  (n) . 

Zielfehler  (m) . 

Zielfernrohr  (n) . 

Zielfernrohrmontage  (f)  .... 

Zielgeschwindigkeit  (f) . 

Zielmarke  (f) . 

Zieliibungen  (f) . 

Zoll  (MaBeinheit)  (m) . 

Zone  der  Extravasation  (f) 
Zubringer  (m) . 

Zubringerhebel  (m) . 

Zufiihrsystem  (n) . 

Ziige  (mp) . 

zugebordelt . 

Zugkraft  (f) . 

Zugspannung  (f) . 

Zugtiefe  (f) . 

Ziinder  (m) . 


relaxation  time . 

centrefire  ignition . 

centrefire . 

fragmentating  projectile . 

target,  aim,  object . 

aim,  sight . 

aiming,  sighting . 

sighting  error . 

rifle  scope,  (tele)scope  sight, 
scope  mount . 

final  velocity . 

aiming  point . 

target  practices . 

inch . 

area  of  extravasation . 

magazine  follower,  follower 

follower  lever,  feed  - . 

feed  system . 

grooves,  rifling . 

a  roll  crimp . 

tie  force . 

tensile  stress . 

groove  depth . 

fuze,  detonator,  ignitor . 


Ziindhiitchen  (n) . primer  cap . 

Ziindhutchenausfaller  (m) . blown  out  primer . 

ZiindhiitchenausstoBer  (m) . decapper,  decapping  press.. 

Ziindhutcheneinsetzgerat  (n) . recaper,  recapping  press . 

Ziindhutchenempfindlichkeit  (f) ....  primer  sensitivity . 

Ziindkanal  (m) . flash  hole . 

Ziindsatz  (m) . primer  composition . 

Ziindschnur  (f) . match . 

Ziindstift  (m) . firing  pin . 

Ziindung  (f) . ignition  (system),  primer.... 


zuschieBend . firing  from  open  bolt 

Zustandsanderung  (thermodyn.)  (f)  change  of  state . 

Zustandsgleichung  (f) . equations  of  state . 

ZustandsgroBe  (f) . state  variables . 

zwingend . coercive . 

Zylinderlauf  (m) . cylinder  bore  (barrel) 


temps  de  relaxation  (m) 
percussion  centrale  (f) 
percussion  centrale  (f) 
projectile  a  fragmentation  (m) 
cible  (f) 
viser 

pointage  (m),  visee  (f) 
erreur  de  visee  (f) 
lunette  de  visee  (f) 
montage  pour  lunette  (m) 
embase  de  -  (f) 
vitesse  terminale  (f) 
chiffre  de  visee 
exercices  de  visee  (m) 
pouce  (m)  (mesure) 
surface  d'extravasion 
auget  (m),  chargeur  (m), 
transporteur  (m) 
auget  (m) 

systeme  d'alimentation  (m) 

rayures  (fp) 

borde 

force  de  traction  (f) 
contrainte  de  traction  (f) 
profondeur  de  rayure  (f) 
detonateur,  allumem'  (m), 
fusee  (f) 

capsule  d’amorgage  (f) 
decapsulage  d'amorce  (m) 
desamorceur  (m) 
amorceur  (m) 
sensibilite  d'amorce  (f) 
cheminee  (f) 

composition  d'amorgage  (f) 
cordon  allumeur  (m) 
poingon,  pointeau  d'amorgage 
amorgage  (m),  percussion  (f) 
allumage  (m) 
tirer  a  culasse  ouverte 
changement  d'etat  (m) 
equation  d'etat  (f) 
variables  d'etat  (f) 
obligatoirement 
canon  cylindrique  (m) 
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acceleration 

acceleration  due  to  gravity 
-of  free  fall 
kneeling 


Acceleration  (f) . Beschleunigung  (f) . 

acceleration  terrestre  (f) . Erdbeschleunigung  (f) 

a  genoux . kniend . 
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acceleration  angulaire  (f) . Winkelbeschleunigung  (f) . 

accrochage  (m) . Mitnehmer  (m) . 

acide  picrique  (m) . Pikrinsaure  (f) . 

acier  (m) . Stahl  (m) . 

acier  plaque  de  tombac  (m) . tombakplattierter  Stahl  (m) . 

affluer . anstromen . 

ailette,  nervure  (f) . Rippe  (f) . 

alesage  du  canon  (m) . Laufbohrung  (f) . 

alesage  du  choke  (m) . Chokebohrung  (f) . 

alimentation  (de  cartouche)  (f) . Patronenzufuhr  (f) . 

allongement  (m),  dilatation  (f) . Dehnung  (f) . 

allumage  (m) . Zundung  (f) . 

allumeur  (m) . Ziinder  (m) . 

ame  (f) . Laufachse  (f),  Seelenachse  (f). 

amor^age  (m) . Zundung  (f) . 

amorce  (f) . Zundhiitchen  (n) . 

amorce  a  berdan  (f) . Berdanziindhiitchen  (n) . 

amorce  de  rupture  (f) . Sollbruchstelle  (f) . 

amorceur  (m) . Ziindhutcheneinsetzgerat  (n)... 

amorphe . amorph . 

amorti . gedampft . 

amortir . dampfen . 

amortissement  (m) . Dampfung  (f) . 

amortisseur  de  son . Schalldampfer  (m) . 

amplitude  maximale  (f) . Schwingungsbauch  (m) . 

analyse  dimensionelle  (f) . Dimensionanalyse  (f) . 

angle  (m) . Winkel  (m) . 

angle  d'arrivee  (m) . Auftreffwinkel  (m) . 

angle  d'incidence  (m) . Anstellwinkel  (m) . 

angle  de  chute  (m) . Fallwinkel  (m) . 

angle  de  projection  (m) . Abschusswinkel  (m) . 

angle  de  projection  (m) . Wurfwinkel  (m) . 

angle  de  relevement  (m) . Abgangsfehlerwinkel  (m) . 

angle  de  transition  (m) . Umschlagwinkel  (m) . 

angle  des  rayures  (m) . Drallwinkel  (m) . 

angle  de  separation  (m) . Abstromwinkel  (m) . 

angle  de  tir  (m) . Schusswinkel  (m) . 

angle  solide  (m) . raumlicher  Winkel  (m) . 

antirouille . rostschiitzend . 

antirouille,  inoxydable . nicht  rostend . 

approximation  (f) . Naherung  (f) . 

appui  paume,  repose-paume  (m).„.  Handballenauflage  (f) . 

arc  (m) . Bogen  (m) . 

arc  de  cercle  (m) . Kreisbogenstiick  (n) . 

tir  a  l’arc  (m) . Bogensport  (m) . 

arme  (f) . Waffe  (f) . 

arme  a  canon  raye  (f) . Biichse  (f) . 

arme  a  chargement  par  la  bouche...  Vorderlader  (m) . 

arme  a  chargement  par  la 

culasse  (f) . Hinterlader  (m) . 

arme  blanche  (f) . Blankwaffe  (f) . 

arme  d'epaule  (f) . Schulterwaffe  (f) . 

arme  de  chasse  (f) . Jagdwaffe  (f) . 


angular  acceleration 
tappet,  cam,  dog 
picric  acid 
steel 

tombac-plated  steel 
flow  against 
rib 
bore 

choke-bore 
cartridge  feed 
strain 

ignition) system),  primer 
fuze,  detonator,  ignitor 
barrel  axis,  axis  of  the  bore 
ignition(system),  primer 
primer 

berdan  primer 

predetermined  breaking  point 

recaper,  recapping  press 

amorphous 

damped 

damp 

damping 

silencer 

maximum  amplitude 
dimensional  analysis 
angle 

angle  of  attack 
angle  of  incidence 
angle  of  descent 
angle  of  departure 
angle  of  projection 
angle  of  jump 
angle  of  transition 
angle  of  twist 
off-flow  angle 
angle  of  shot 
solid  angle 
anticorrosive 
stainless 
approximation 
palm  support 
bow 

arc  of  a  circle 
archery 
arm,  weapon 
rifle 

muzzle  loader 

breech  loader 
edged  weapon 
shoulder  weapon 
hunting  weapoin 
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arme  de  poing  (f) . Faustfeuerwaffe  (f) 

anne  de  sport  (f) . Sportwaffe  (f) . 

anne  fonctionn.  par  emprunt  de  gaz...  Gasdrucklader  (m). 
arme  pour  la  chasse  fermee . Schonzeitwaffe  (f) . 


armer . 

cock 

armurier  (m) . 

articulation,  pivot  (m) ... 
assurance  de  toucher  (f) 

au  repos . 

auget  (m) . 

auget  (m) . 

auto-allumage  (m) . 

automatique  par  recul.... 


entsichem,  spannen . 

Biichsenmacher  (m) . 

Drehpunkt  (Hebei)  (m) . 

Treffsicherheit  (f) . 

ruhend . 

Ladeloffel  (m),  Zubringer  (m), 

Zubringerhebel  (m) . 

Selbstziindung  (f) . 

RiickstoBlader  (m) . 


avec  appui,  -  support . aufgelegt . 

axe  de  bardlet  (m) . Trommelachse  (f) . 

axe  de  rotation,  pivot  (m) . Drehachse  (f) . 

axe  du  temps  (m) . Zeitachse  (f) . 

axe  jaugeur  (m),  jauge  (f) . Schusslochpriifer  (m) . 

axiomes  de  Newton  (m) . Newton'sche  Axiome  (np) 

azoture  de  plomb  (f) . Bleiazid  (n) . 


handgun 

sporter,  sporting  arm 
gas  operated  weapon 
closed  season  arm 
varmint  rifle 

release  the  safety  catch, 

gunmaker,  gunsmith 

fulcrum 

accuracy 

resting 

carrier,  feeder,  follower 
follower  lever,  feed  - 
cook-off 

recoil  operated  gun, 
blowback  operated  gun 
supported 
axle  of  cylinder 
rotational  axis,  pivot 
timing  axis 
score  gauge,  scorer 
Newton's  laws  of  motion 
lead  azide 


Backlash . 

bague  (f) . 

bague  (f) . 

balance  a  poudre  (f) . 

balistique  (f) . 

balistique  exterieure  (f) . 

balistique  interieure  (f) . 

balistique  intermediaire  (f) . 

balistique  terminale  (f) . 

bade  a  noyau  en  acier  (f) . 

balle  a  point  creuse,  -  tete  -(f) . 

balle  a  tete  ronde  (f) . 

bade  blindee  (f) . 

bade  chemisee  (f) . 

bade  demi  chemisee  (f) . 

bade  eclairante  (f) . 

bade  incendiaire  (f) . 

bade  nez  plat  (f) . 

bade  a  noyau  dure,  -  perforante  (f) 

bade  pointue  (f) . 

bade  restee  (dans  le  canon)  (f) . 

bade  traqante  (f) . 

bande  (de  visee)  (f) . 

bande  passante  (f) . 

bande  ventilee  (f) . 

barillet  (m) . 

barillet  (m) . 

bascule  (f),  tonnere  (m) . 

bascule  brisee  (f) . 


Abzugsspiel  (n) . 

Scheibe  (f) . 

Unterlegscheibe . 

Pulverwaage  (f) . 

Ballistik  (f) . 

AuBenballistik  (f) . 

Innenballistik  (f) . 

Abgangsballistik  (f) . 

Endballistik  (f) . 

Stahlkemgeschoss  (n) . 

Hohlspitzgeschoss  (n) . 

Rundkopfgeschoss  (n) . 

Stahlmantelgeschoss  (n) . 

Vollmantelgeschoss  (n) . 

Teilmantelgeschoss  (n) . 

Leuchtgeschoss  (n) . 

Brandgeschoss (n) . 

Flachkopfgeschoss  (n) . 

Hartkerngeschoss  (n) . 

Spitzgeschoss  (n) . 

Laufstecker  (m) . 

Leuchtspurgeschoss  (n) . 

Laufschiene  (f) . 

Frequenzgang  (m) . 

ventilierte  Laufschiene  (f)... 

Trommel  (f) . 

Walze  (f) . 

StoBboden  (m) . 

Patronenlagersprengung  (f).. 


backlash 
target,  disc 
washer 
powder  scale 
ballistics 
exterior  ballistics 
interior  ballistics 
intermediate  ballistics 
terminal  ballistics 
steel-core  bullet 
hollow-point  bullet 
round-nose  bullet 
steel-jacketed  bullet 
full  metal  jacket  bullet 
semi-jacketed  bullet 
flare 

incendiary  bullet 
flat-nose  bullet 
hard-core  bullet 
pointed  bullet,  spitzer  - 
stuck  bullet 
tracer  bullet 
barrel  rib 

frequency  response 
ventilated  barrel  rib 
cylinder 
cylinder 
action  face 
chamber  burst 
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basculer . 

basculer . 

batterie  (f) . 

bi-ogivale . 

bilan  energetique  (m) . 

blinde . 

bloc  culasse  (m) . 

boitier  de  culasse  (m) . 

borde . 

bordure  de  la  douille  (f) . 

bouche  (f) . 

bourre  (f) . 

bourre  a  coussin  (f) . 

bourre  a  cuvette,  -  a  jupe  (f) .. 
bourre  a  jupe  en  plastique  (f) 

boune  en  plastique  (f) . 

bourrelet  (m) . 

branche  ascendante  (f) . 

branche  descendante  (f) . 

bras  de  levier  (m) . 

bretelle  (f) . 

bronzage,  brunissage  (m) . 

bronzer,  brunir . 

bruit  de  bouche  (m) . 

busc  (m) . 


kippen . 

. to  pitch,  to  overturn 

umkippen . 

. overturn 

Schloss  (n) . 

. bolt,  lock,  breech,  action 

Heckkonus  (m) . 

. boattail 

Energiebilanz  (f) . 

. energy  balance 

ummantelt . 

. jacketed 

Verschlussblock  (m) . 

. breech  block 

Verschlussgehause  (n) . 

. receiver 

zugebordelt . 

. a  roll  crimp 

Hiilsenrand  (m) . 

. case  rim 

Miindung  (f) . 

Pfropfen  (m) . 

. wad 

Pfropfen  mit  Dampfung  (m) . 

. cushion  wad 

Becherpfropfen  (m) . 

. cup  wad 

Plastikbecherpfropfen  (m) . 

. plastic  cup  wad 

Plastikpfropfen  (m) . 

. plastic  wad 

Rand (m) . 

. rim 

aufsteigender  Ast  (m) . 

. ascending  branch 

absteigender  Ast  (m) . 

. descending  branch 

Hebelarm  (m) . 

. lever  arm 

Riemen  (m) . 

. sling,  strap,  lanyard 

Branierung  (f) . 

. browning,  blueing 

briinieren . 

. brown,  blue 

Mundungsknall  (m) . 

. muzzle  blast 

Schaftbacke  (f) . 

. cheekpiece 

Cache-flamme  (m) . 

cadence  (f) . 

cale . 

calibre  (m) . 

calibre,  etalonne . 

calibrer,  etalonner . 

cannelure  (f) . 

canon  (m) . 

canon  a  demi  choke  (m) . 

canon  a  plein  choke  (m) . 

canon  avec  choke  (m) . 

canon  basculant  (m) . 

canon  cylindrique  (m) . 

canon  damas  (m) . 

canon  interchangable  (m) . 

canon  octogonal  (m) . 

capteur  (m) . 

capsule  d’amor^age  (f) . 

carabine  (f) . 

carabine  (f),  mousqueton  (m) 

carabine  (m) . 

carabine  a  air  comprime  (f) ... 

carabine  a  repetition  (f) . 

carabine  de  competition  (m) . 
carabine  de  petit  calibre  (f) ... 

carabine  expresse  (f) . 

carcasse  (f) . 


Feuerscheindampfer  (m) . 

...flash  hider 

Kadenz  (f) . 

...rate  of  fire 

verkeilt . 

...wedged 

Kaliber  (n) . 

...  calibre,  bore,  gauge  (Schrot) 

geeicht . 

...calibrated 

kalibrieren . 

...calibrate,  size 

Wurgerille  (f),  Randrierung  (f)  ... 

...cannelure,  knurling 

Lauf  (m) . 

...barrel 

Halbchokelauf  (m) . 

...  modified  choked  barrel 

Vollchokelauf  (m) . 

...  full  choked  barrel 

Lauf  mit  Chokebohrung  (m) . 

...choked  barrel 

Kipplauf  (m) . 

...break-action  gun 

Zylinderlauf  (m) . 

...cylinder  bore  (barrel) 

Damastlauf  (m) . 

...damascus  barrel 

Wechsellauf  (m) . 

...  interchangeable  barrel 

Achtkantlauf  (m) . 

...octogonal  barrel 

Fiihler  (m) . 

...  sensing  device 

Ziindhiitchen  (n) . 

...  primer  cap 

Stutzer  (m) . 

...short  rifle 

Karabiner  (m) . 

...carbine 

Biiclisflinte  (f) . 

...rifle-shotgun 

Luftgewehr  (n) . 

...air  rifle 

Repetierbiichse  (f) . 

...repeating  rifle 

Wettkampfgewehr  (n) . 

...match  rifle 

Kleinkalibergewehr  (n) . 

...small  bore  rifle 

Kipplaufbiichse  (f) . 

...tip-up  rifle 

Rahmen  (m) . 

...  frame,  receiver 
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cartouche  (f) . Patrone  (f) . cartridge 

cartouche  a  blanc  (f) . Blindpatrone  (f) . blank  cartridge 

cartouche  a  blanc  (f) . Platzpatrone  (f) . blank  cartridge 

cartouche  a  bourrelet  (f) . Randpatrone  (f) . rimmed  cartridge 

cartouche  a  haut  rendement  (f) . Hochleistungspatrone  (f) . high-power  cartridge 

cartouche  a  percussion  annul,  (f) ...  Randfeuerpatrone  (f) . rimfire  cartridge 

cartouche  de  chasse  (f) . Schrotpatrone  (f) . shotgun  cartridge,  shotshell 

-  en  plastique  (f) . Plastikschrotpatrone  (f) . plastic  shotshell 

cartouche  de  manipulation  (f) . Manipulierpatrone  (f) . dummy  cartridge,  drill 

round 

cartouche  pour  appareils . Schlachtpatrone  (f) . slaughter  cartridge 

d'abattage  (f) 

cartouche  pour  pistolets  (f) . Pistolenpatrone  (f) . pistol  cartridge 

cartouche  pour  revolvers  (f) . Revolverpatrone  (f) . revolver  cartridge 

cartoucherie  (f) . Munitionsfabrik  (f) . ammunition  plant,  -  factory 

casque  (m) . Helm  (m) . helmet,  crest 

casque  anti-bruit  (m) . Gehorschutzmittel  (n) . ear  defenders 

cavite  (f) . Kavitat  (f) . cavity 

cavite  permanente  (f) . bleibende  Wundhohle  (f) . permanent  cavity 

cavite  permanente  (f) . Wundhohle  (f) . permanent  cavity 

ceinture  cartouchiere  (f) . Patronengurtel  (m) . cartridge  belt 

centre  de  masse  (m) . Schwerpunkt  (m) . centre  of  mass 

centre  de  pression  (m) . Angriffspunkt  der  Dmckkrafte  (m)...  centre  of  pressure 

centre  de  rotation  (m) . Drehpunkt  (m) . centre  of  rotation 

centre  de  gravite  (m) . Schwerpunkt  (m) . centre  of  gravity 

chaleur  d'explosion  (f) . Explosionswarme  (f) . explosion  heat 

chaleur  de  formation  (f) . Bildungsenergie  (thennodyn.)  (f)...  heat  of  formation 

chambre  a  cartouches  (f) . Patronenlager  (n) . chamber 

chambre  de  combustion  (f) . Brennkammer  (f) . burning  chamber 

champignon,  pommeau  (m) . Handstiitze  (f) . hand  support 

champs  des  rayures  (m) . Felder  (np) . lands 

changement  d'etat  (m) . Zustandsandemng  (thennodyn.)  (f)  ..change  of  state 

charge  creuse  (f) . Hohlladung  (f) . hollow  charge 

charge  propulsive  (f) . Treibmittel  (n) . propellant 

charge  (f) . Ladung  (f) . charge 

chargeur  (m) . Magazin  (n) . magazine 

chargeur  (m) . Zubringer  (m) . magazine  follower,  follower 

chargeur  tubulaire,  magasin  -  (m)..  Rohrenmagazin  (n) . tubular  magazine,  tube 

magazine 

chasse  (f) . Jagd  (f) . hunting 

cheminee  (f) . Zundkanal  (m) . flash  hole 

chemise  (de  projectile)  (f) . Geschossmantel  (m) . bullet  jacket 

chemise  (f) . Mantel  (m) . jacket 

chevrotine  (f) . Postenschrot  (n) . buckshot 

chien  (m) . Hahn  (m) . hammer 

chiffre  de  visee . Zielmarke  (f) . aiming  point 

chlorate  de  potassium  (m) . Kaliumchlorat  (n) . potassium  chlorate 

choc  (m) . StoB  (physikalisch)  (m) . collision 

choke  (m) . Choke  (m) . choke 

chrome . verchromt . chromium-plated 

chrome  (m) . Chrom  (m) . chrome 

cible  (f) . Scheibe  (f) . target,  disc 

cible  (f) . Ziel  (n) . target,  aim,  object 
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cintrer . Wirkungslinie.-richtung  (f) . 

cire  (f) . Wachs  (n) . 

coefficient  (m) . Beiwert  (m) . 

coefficient  de  deceleration  (m) . Verzogerungskoeffizient  (m) . 

coefficient  de  frottement  (m) . Reibungszahl  (f) . 

coefficient  de  portance  (in) . Auftriebsbeiwert  (m) . 

coefficient  de  resistance  (m) . Widerstandsbeiwert  (m) . 

coefficient  de  resistance  a  Pair  (m) .  Luftwiderstandsbeiwert  (m) . 

coiffe,  calotte . Haube  (f) . 

collet  (m) . Htilsenhals  (m) . 

colonne  d'air  (f) . Luftsaule  (f) . 

combustion  (f) . Verbrennung  (f) . 

competition  (f),  match  (m) . Wettkampf  (m) . 

composition  (chimique)  (f) . stoffliche  Zusammensetzung  (f).. 

composition  d'amor^age  (f) . Ziindsatz  (m) . 

composition  lumineuse  (f) . Leuchtsatz  (m) . 

compressibility  (f) . Kompressibilitat  (f) . 

condition  aux  limites  (f) . Randbedingung  (f) . 

conduction  thermique  (f) . Warmeleitung  (f) . 

conique . konisch . 

constante  des  gaz  parfaits  (f) . Gaskonstante  R  (f) . 

contrainte  de  compression  (f) . Druckspannung  (f) . 

contrainte  de  flexion  (f) . Biegespannung  (f) . 

contrainte  de  traction  (f) . Zugspannung  (f) . 

contre-platine  (f) . Seitenschloss  (n) . 

contrepoids  (m) . Laufgewicht  (n) . 

controleur  de  detente  (m) . Abzugspmfgerat  (n) . 

cordeau  detonant  (m) . Sprengschnur  (f) . 

cord 

cordon  allumeur  (m) . Ziindschnur  (f) . 

cordon  d'allumage  (m) . Anziindlitze  (f) . 

corps  mouille  (m) . umstromter  Korper  (m) . 

corps  rigide  (m) . starrer  Korper  (m) . 

corps  solide  (m) . fester  Korper  (m) . 

couche . liegend . 

couche  limite  (f) . Grenzschicht  (f) . 

coup  creux  (m) . Hohlschuss  (Schrot)  (m) . 

coup  de  grace  (m) . Fangschuss  (m) . 

coup  portant,  touche  (m) . Treffer  (m) . 

coup,  tir  (m) . Schuss  (m) . 

coupre . verkupfert . 

courbure  (f) . Kriimmung  (f) . 

couteau  de  chasse  (m) . Jagdmesser  (n) . 

cran  d'arret  (m) . Druckpunkt  (m) . 

cran  de  mire  (m) . Kimme  (f) . 

creux . hohl . 

cristallin . kristallin  (fest) . 

crosse  (f) . Kolben  (Gewehr)  (m) . 

crosse  (f) . Schaft  (m) . 

crosse  a  trou  de  pouce  (f) . Schaft  mit  Daumenloch  (m) . 

cuire  (au  four) . einbrennen . 

cuivre  (m) . Kupfer  (n) . 

culasse  (f) . Verschluss  (m) . 


line  of  action 
wax 

coefficient 

deceleration  coefficient 
friction  coefficient 
lift  force  coefficient 
drag  coefficient 
air  drag  coefficient 
hood 
case  neck 
air  column 
combustion 
competition,  match 
material  composition 
primer  composition 
tracer 

compressibility 
boundary  condition 
thermal  conduction 
tapered,  conical 
gas  constant  R 
compressive  strain 
bending  stress 
tensile  stress 
side  lock 
counterweight 
trigger  verification  device 
detonating  fuze,  detonating 

match 
igniter  cord 

body  surrounded  by  flow 
rigid  object 
solid  body 
prone 

boundary  layer 
wheel  shot 
finishing  shot 
hit,  score 
round,  shot 
copper-plated 
curvature 
hunting  knife 
trigger  point 
rear  sight,  notch 
hollow 
crystalline 
butt  (of  weapon) 
stock 

thumbhole  stock 
burn  in,  brand  in 
copper 

action,  bolt,  breech,  lock 
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culasse  a  bloc  basculant  (f) . Fallblockverschluss  (m) . falling  block  bolt  action 

culasse  a  genouillere  (f) . Kniegelenkverschluss  (m) . toggle  action  bolt 

culasse  a  inertie  (f) . Masseverschluss  (m) . blowback  system 

culasse  a  ouverture  retardee  (f) . verzogerter  Masseverschluss  (m) ...  delayed  blowback  system 

culasse  tombante,  -  basculante  (f) ..  Kipplaufverschluss  (m) . tip-up  lock 

culasse  tournante,  -  rotative . Drehverschluss  (m) . rotating  bolt  locking  system 

culbuteur  (m) . Kipphebel  (m) . armed  lever 

culot  (m) . Htilsenboden  (m) . case  head 


Debout . stehend . standing 

decapsulage  d'amorce  (m) . Zundhiitchenausfaller  (m) . blown  out  primer 

deceleration  (f) . Verzogerung  (f) . deceleration,  retardation 

defaut  critique  (m) . kritischer  Felder  (m) . critical  defect 

defaut  majeur  (m) . Hauptfehler  (m) . main  defect 

deflagration  (f) . Deflagration  (f) . deflagration 

deformer . deformieren . deform 

degre  Celsius  (m) . Grad  Celsius  (m) . degree  Celsius 

degre  de  liberte  (m) . Freiheitsgrad  (m) . degree  of  freedom 

degre  de  sveltesse  (m) . Schlankheitsgrad  (m) . slenderness  ratio 

dense . dicht . tight,  dense,  sealed 

densite  de  chargement  (f) . Ladedichte  (f) . loading  density 

dent  de  rochet  (f) . Schaltzahn  (Revolver)  (m) . gear(notch),  sprocket 

depart  (m) . Abziehen  (n) . pull  (the  trigger) 

depasser . iiberholen . pass,  overtake 

deplacement  (m) . Verdrangung  (f) . displacement 

deplacement  (m) . Wegdifferenz  (f) . displacement 

deplacement  (m)  angulaire . Drehwinkel  (m) . angular  displacement 

depression  (f) . Unterdruck  (bez.  Atmosphare)  (m) .  negative  gauge  pressure 

depression  (f) . Unterdruck  (m) . depression 

derangement  (m) . Storung  (f) . disturbance 

derivee  (f) . Differenzialquotient  (m) . derivative, 

desamorceur  (m) . ZundhiitchenausstoBer  (m) . decapper,  decapping  press 

detente  (f) . Abzug  (m) . trigger 

detente  a  bossette  (f) . Druckpunktabzug  (m) . double  pull  trigger 

detente  de  match  (f) . Matchabzug  (m) . match-trigger 

detente  reglable  (f) . verstellbarer  Abzug  (m) . adjustable  trigger 

detente  seche  (f) . trockener  Abzug  (m) . dry  trigger 

detonateur  (m) . Sprengkapsel  (f) . blasting  cap 

detonateur  (m) . Ziinder  (m) . fuze,  detonator,  ignitor 

detonation  (f) . Detonation  (f) . detonation 

detonation  (f) . Knall  (m) . report 

detonation  par  influence  (f) . Detonationsubertragung  (f) . sympathetic  detonation 

devant,  fut  (m) . Vorderschaft  (m) . forearm,  fore-end 

deviation  (f),  ecart . Auslenkung  (f) . extension 

deviation,  ecart  (m) . Abweichung  (f) . deviation 

diametre  du  champ  des  rayures  (m)..  Felddurchmesser  (m) . land  diameter 

diaphragme  iris  (m) . Irisblende  (f) . iris  diaphragm 

difference  (f) . Differenzenquotient  (m) . difference  quotient 

differentiel  (m) . Differenzial  (n) . differential 

dilution  (f) . Verdiinnung  (f) . dilution 

dimension  (f),  extension . Ausdehnung  (f) . dimension 

diminution  du  nombre  de  tours  (f) .  Drehzahlabnahme  (f) . spin  damping 

dioptre  (m) . Diopter  (n) . aperture  sight 
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dioptre  micrometrique  (m) . Mikrometerdiopter  (m).. 

dioxyde  de  carbone  (f) . Kohlendioxid  (n) . 

direction  de  1’ action  (f) . wolben . 

direction  de  tir  (f) . Schussrichtung  (f) . 

direction  du  pas  (f) . Drallrichtung  (f) . 

dispersion  (f) . Streuung  (f) . 

dispersion  en  largeur  (f) . Breitenstreuung  (f) . 

dispersion  en  portee  (f) . Langenstreuung  (f) . 

dispersion  lateral  (f) . Seitenstreuung  (f) . 

dispersion  verticale  (f) . Hohenstreuung  (f) . 

dispositif  d'armement  (m) . Spannstiick  (n) . 

disque  (m) . Scheibe  (f) . 

dissipation  d'energie  (f) . Energieabgabe  (f) . 

distance  (f) . Entfernung  (f) . 

distance  du  sommet  (f) . Scheiteldistanz  (f) . 

double  detente  (f) . Doppelabzug  (m) . 

double  detente  (f) . Steelier  (m) . 

douille  (en)  acier  (f) . Stahlhulse  (f) . 

douille  (en)  plastique  (f) . Plastikhiilse  (f) . 

douille  (f) . Patronenhiilse  (f) . 

douille  rompue  (f) . HulsenabreiBer  (m) . 

douille  a  ceinture  (f) . Gurtelhiilse  (f) . 

douille  a  epaulement  (f) . Schulterhiilse  (f) . 

douille  en  bourrelet  (f) . Randhiilse  (f) . 

douille  en  forme  de  bouteille  (f) ....  Htilse  mit  Schulter  (f).... 

drilling,  fusil  a  trois  canons  (m) . Drilling  (m) . 

duree  de  pulsation  (f) . Pulsdauer  (f) . 

duree  du  choc  (f) . StoBzeit  (f) . 

durete  (f) . Harte  (f) . 

dynamique  des  fluides  (f) . Fluiddynamik  (f) . 


micrometer  sight 
carbon  dioxide 
vault 

line  of  departure 

twist  direction 

grouping,  dispersion,  spread 

lateral  spread 

variation  in  length 

lateral  dispersion,  -  spread 

vertical  dispersion 

cocking  piece 

target,  disc 

energy  release 

distance,  range 

vertex  distance 

double  trigger 

hair  trigger,  double  set  - 

steel  case 

plastic  case 

cartridge  case 

cut  case 

belted  case 

bottleneck  case 

rimmed  case 

bottlenecked  case 

drilling,  three-barrelled  gun 

pulse  duration 

impact  time 

hardness 

fluid  dynamics 


Ecart  (m) . 

ecart  du  point  d’impact  (m) 

ecart  en  portee  (m) . 

ecart  lateral  (m) . 

ecart  moyen  (m) . 

ecart-type  (m) . 

ecart  vertical  (m) . 

echantillon  (m) . 

echauffement  (m) . 

eclat  (bois,  verre)  (m) . 

eclat  (projectile)  (m) . 

eclat  du  canon  (m) . 

eclater . 

ecoulement,  flux  (m) . 

ecrou  (m) . 

ecrou  (m) . 

effet  (m) . 

effet  aux  limites  (m) . 

effet  de  succion  (m) . 

effet  gyroscopique  (m) . 

ejecteur  (m) . 

element  d'attache  (m) . 


Streuung  (f) . 

Treffpunktabweichung  (f) 

Langenabweichung  (f) . 

Seitenabweichung  (f) . 

mittlere  Abweichung  (f) ... 
Standardabweichung  (f) ... 

Hohenabweichung  (f) . 

Muster  (n) . 

Erhitzung  (f) . 

Splitter  (Holz,  Glas)  (m) .. 
Splitter  (Geschoss)  (m) .... 

Laufsprengung  (f) . 

platzen . 

Stromung  (f) . 

Mutter  (f) . 

Schraubenmutter  (f) . 

Wirkung  (f) . 

Randeffekt  (m) . 

Saugeffekt  (m) . 

Kreiseleffekt  (m) . 

Auswerfer  (m) . 

Befestigungselement  (n)... 


grouping,  dispersion,  spread 

deviation  of  point  of  impact 

length  deviation,  linear  - 

lateral  deviation 

mean  deviation 

standard  deviation 

vertical  deviation 

sample 

heating 

splinter 

fragment 

barrel  burst,  premature  -  - 

burst,  crack 

flow 

nut 

nut 

effect 

boundary  effect 
suction  effect 
gyro  effect 
ejector 

fastening  element 
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elements  de  masse  (m) . Masseteilchen  (n) . 

elevation  (f) . Erhebungswinkel  (m) . 

emballage  (m) . Verpackung  (f) . 

embase  de  lunette  (f) . Zielfernrohrmontage  (f) . 

enclume  (f) . Amboss  (m) . 

encoche  (f) . Kerbe  (f) . 

encoche  (f) . Nut  (f) . 

encoche  de  verrouillage  (f) . Verriegelungsnut  (f) . 

energie  (f) . Energie  (f) . 

energie  cinetique  (f) . Bewegungsenergie  (f) . 

energie  cinetique  (f) . kinetische  Energie  (f) . 

energie  cinetique  de  rotation  (f) . Rotationsenergie  (f) . 

energie  de  bouche  (f) . Miindungsenergie  (f) . 

energie  de  compression  (f) . Druckenergie  (f) . 

energie  de  rotation  (f) . Drehenergie  (f) . 

energie  du  recul  (f) . RuckstoBenergie  (f) . 

energie  interne  (f) . innere  Energie  (f) . 

energie  potentielle  (f) . potenzielle  Energie  (f) . 

energie  residuelle  (f) . Restenergie  (f) . 

energie  thermique  (f) . Warmeenergie  (f) . 

entrainement  a  sec  (m) . Trockentraining  (n) . 

enveloppe  de  papier  (f) . Papiemmwicklung  (f) . 

epaisseur  de  parois  (f) . Wandstarke  (f) . 

epanouir  en  forme  de  champignon ...  aufpilzen . 

epreuve  (f) . Beschussprobe  (f) . 

epreuve  de  recette  (f) . Abnahmepriifung  (f) . 

epreuve  de  sensibilite  (f) . Empfmdlichkeitspriifung  (f).. 

equation  d'etat  (f) . Zustandsgleichung  (f) . 

equation  de  continuite  (f) . Kontinuitatsgleichung  (f) . 

equations  de  mouvement  (f) . Bewegungsgleichungen  (f).... 

equilibre  (m) . Gleichgewicht  (n) . 

equilibre  des  forces  (m) . Kraftegleichgewicht  (n) . 

equipe  de . ausgeriistet  sein  mit . 

ergot  (m) . Nase  (f) . 

ergot  (m) . Vorsprung  (m) . 

ergot,  came  (f) . Nocken  (m) . 

erreur  de  visee  (f) . Zielfehler  (m) . 

etalonnage  (m) . Eichung  (f) . 

etalonner . eichen . 

etanche . dicht . 

etanche . wasserdicht . 

etanche  aux  poussieres . staubdicht . 

etat  de  matiere  (m) . Aggregatszustand  (m) . 

etat  thermique  (m) . Warmezustand  (m) . 

etoupille  (f) . Stoppinen  (f) . 

etroit . eng . 

douille  (f) . Hiilse  (f) . 

event  (m) . Gasentnahmediise  (f) . 

exercices  de  visee  (m) . Zieliibungen  (f) . 

extracteur  (m) . Auszieher  (m) . 


mass  element 

elevation  angle 

packing 

scope  mount 

anvil 

notch 

groove,  slot 
locking  groove 
energy 

kinetic  energy 
kinetic  energy 
rotational  kinetic  energy 
muzzle  energy 
pressure  energy 
energy  of  rotation 
recoil  energy 
internal  energy 
potential  energy 
residual  energy 
thermal  energy,  heat 
dry  practice,  dry  firing 
paper  patch 
thickness  of  the  wall 
mushroom 
proof  firing 
acceptance  test 
sensitivity  test 
equations  of  state 
continuity  equation 
equations  of  motion 
equilibrium 
equilibrium  of  forces 
equipped,  be  -  with 
stud,  lug 
lug,  stud 
cam,  lug 
sighting  etTor 
calibration 
calibrate 

tight,  dense,  sealed 

waterproof 

dustproof 

state  of  matter 

thermal  state 

thin  firing  tapes 

narrow 

case 

gas  port 

target  practices 

extractor 


Face  (f) . Stirnflache  (f) . face 

fente  (f) . Spalt  (m) . gap 
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fermeture  etoile,  -  stellaire  (f) . Sternverschluss  (m) . star  crimp,  fold  crimp 

feu  coup  par  coup  (m) . Einzelfeuer  (n) . single-shot  fire 

feu  de  bouche  (m) . Feuer  aus  Miindung  (n) . primary  (muzzle)  flash 

feu  de  bouche  (m) . Mtindungsfeuer  (n) . secondary  (muzzle)  flash 

feu  de  serie  (m) . Seriefeuer  (n) . automatic  fire 

feu  en  rafales  (m) . Dauerfeuer  (n) . full  automatic  fire 

feuillet  (m) . Kimmenblatt  (n) . rear  sight  leaf,  -  -  slide 

filtre  passe-bas  (m) . Tiefpassfilter  (n) . low-pass  filter 

fin  de  combustion  (f) . Brennschluss  (m) . end  of  burning 

fluctuation  de  pression  (f) . Druckschwankung  (f) . transient  pressure 

flux  (m) . Fluss  (m) . fluid  motion 

flux  de  masse  (m) . austretende  Masse  (f) . mass  flow 

force  d'exitation  (f) . erregende  Kraft  (Schwingung)  (f).. driving  force,  external  - 

force  de  cisaillement  (f) . Normalspannung  (f) . normal  stress 

force  de  cohesion  (f) . Kohasivkraft  (f) . cohesive  force 

force  de  compression  (f) . Druckkraft  (f) . compressive  force 

force  de  frottement  (f) . Reibungskraft  (f) . frictional  force 

force  de  poussee  (f) . Schubkraft  (f) . shear  force 

force  de  traction  (f) . Zugkraft  (f) . tie  force 

force  de  cohesion  moleculaire  (f)...  Gitterbindungskraft  (f) . lattice  linkage  force 

frein  de  bouche  (m) . Miindungsbremse  (f) . muzzle  brake 

frequence  angulaire  (f) . Kreisfrequenz  (f) . angular  frequency 

frequence  de  rotation  (f) . Drehfrequenz  (f) . frequency  of  rotation 

frequence  limite  (f) . Grenzfrequenz  (f) . boundary  frequency 

frequence  propre  (f) . Eigenfrequenz  (f) . natural  frequency 

frottement  interne  (m) . innere  Reibung  (f) . internal  friction 

fulminate  de  mercure  (m) . Knallquecksilber  (n) . mercury  fulminate 

fusee  (f) . Zunder  (m) . fuze,  detonator,  ignitor 

fusee  (f),  missile  (m),  roquette  (f)..  Rakete  (f) . rocket,  missile 

fusee  percutante  (f) . Aufschlagziinder  (m) . impact  fuze 

fusil  a  canon  juxtaposes  (m) . Doppelflinte  (f) . side-by-side  shotgun 

fusil  a  canon  lisse  (m) . Flinte  (f) . shotgun 

fusil  a  canons  superposes  (m) . Bockbuchsflinte  (f) . superposed  rifle-shotgun 

fusil  a  deux  canon  (m) . Doppelbiichse  (f) . double  rifle 

fusil  a  levier  de  sous-garde  (m) . Unterhebelrepetierer  (m) . lever  action  gun 

fusil  a  percussion  (m) . Perkussionsgewehr  (n) . percussion  rifle 

fusil  a  repetition  (m) . Repetierflinte  (f) . repeating  shotgun 

fusil  a  un  coup  (m) . Einzellader  (m) . single-shot  weapon 

fusil  automatique  (m) . Selbstladegewehr  (n) . automatic  rifle,  self-loading 

rifle 

fusil  d'assault,  fusil  mitrailleur  (m)..  Sturmgewehr  (n) . assault  rifle 

fusil  de  chasse  (m) . Jagdflinte  (f),  Schrotflinte  (f) . shotgun 

fusil  de  chasse  automatique  (m) . Selbstladeflinte  (f) . automatic  shotgun 

fusil  mitrailleur  (m) . Schnellfeuergewehr  (n) . assault  rifle 


Gachette  (f) . Abzugshebel  (m) . trigger  lever,  trigger  latch 


gazeux  . 

gerbe  (f) . 

...  gasformig . 

...  Schrotgarbe  (f) . 

. gaseous 

. shot  sheaf 

gibier  (m) . 

goupille  (f) . 

goupille  de  surete  (f) . 

...Wild  (n) . 

...  Stift  (m) . 

...  Sicherheitsstift  (m) . 

. game 

. pin 

. safety  pin 

goupille,  goupille  de  surete  (f) ... 
gradient  de  pression  (m) . 

...  Vorstecker  (m) . 

...  Druckgefalle  (n) . 

. safty  pin 

. pressure  gradient 

B.3  French  =>  German  =>  English  453 


gradient  de  vitesse  (m) . Geschwindigkeitsgefalle  (n).. 

grande  chasse  (f) . Hochwildjagd  (f) . 

grandeur  mesuree  (f) . MessgroBe  (f) . 

grenade  a  main  (f) . Handgranate  (f) . 

grenade  a  manche  (f) . Stielhandgranate  (f) . 

grenaille  (f) . Schrot  (m) . 

groupement  (m) . Trefferbild  (n) . 

guidon  (m) . Kom  (n) . 

guidon  a  lame  rectangulaire  (m) ....  Balkenkorn  (n) . 

guidon  annulaire  (m) . Ringkom  (n) . 

guidon  interchangeable  (m) . Wechselkorn  (n) . 

guidon  rectangulaire  (m) . Rechteckkorn  (n) . 

gyroscope  (m) . Rreisel  (m) . 

gyrostabilise . drallstabil . 


shear  rate 

big-game  hunting 

measured  quantity 

hand-grenade 

stick  grenade 

shot 

pattern 

foresight 

post  sight 

ring  foresight,  aperture  - 
insert  foresight 
square  foresight 
gyroscope 
spin-stabilized 


Hausse  (f) . Kimme  (f) . rear  sight,  notch 

hausse  (f) . Visier  (n) . rear  sight 

hausse,  visee  (f) . Visiemng  (f) . sights 

hauteur  de  chute  (f) . Fallhohe  (f) . drop 

hauteur  du  sommet  (f) . Scheitelhohe  (f) . vertex  height 

hexogene  (m) . Hexogen  (n) . hexogen 


Image  des  touches  (f) . 

immobilisation  de  detente 
immobilisation  de  detente 

impact  (m) . 

impact  (m) . 

impulsion  (f) . 

incompressible . 

indeformable . 

induire,  provoquer . 

inertie  (f) . 

inoxydable . 


Trefferbild  (n) . 

Abzugsbegrenzung  (f) 

Triggerstop  (m) . 

Einschlag  (m) . 

StoB  (m) . 

KraftstoB  (m) . 

dichtebestandig . 

fonnstabil . 

anregen  . 

Tragheit  (f) . 

rostfrei . 


pattern 

triggerstop 

triggerstop,  backlash 

impact 

impact 

impulse 

incompressible 

shape  stable 

induce 

inertia 

stainless 


Jauge  de  pression  (f) . Druckaufnehmer  (m) . pressure  gauge 

jauge  de  pression  (f) . Gasdruckmesser  (m) . pressure  gauge 

jauge  (m) . Fiihler  (m) . sensing  device 


Laiton  (m) . 

laitonne . 

lateral . 

legitime . 

levier  (m) . 

levier  d'armement  (m) 
levier  de  culasse  (m) .. 
levier  de  surete  (m) .... 

ligne  de  courant  (f) . 

ligne  de  mire  (f) . 

liquide . 

lissage  (m) . 

loi  de  conservation  (f) 
longue  vue  (f) . 


Messing  (n) . 

vermessingt . 

seitlich . 

gesetzmaBig . 

Hebei  (m) . 

Spannhebel  (m) . 

Verschlusshebel  (m) . 

Sicherheitsfliigel  (m) . 

Stromfaden  (m) . 

Visierlinie  (f) . 

fliissig . 

Oberflachenbehandlung  (f) 

Erhaltungssatz  (m) . 

Spektiv  (n) . 


brass 

brass-coated,  brass-plated 

lateral 

natural 

lever 

cocking  lever 
action  lever,  bolt  handle 
safety  catch 
streamline 

line  of  sight,  axis  of  sight 

liquid 

smoothing 

law  of  conservation 

spotting  scope 
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longueur  (f) . Lange  (f) . length 

longueur  de  la  ligne  de  mire  (f) . Visierlange  (f) . length  of  line  of  sight 

-  de  la  visee  (f) 

longueur  du  canon  (f) . Lauflange  (f) . barrel  length 

luminosite  (f) . Lichtstarke  (f) . brightness 

lunette  de  visee  (f) . Zielfernrohr  (n) . rifle  scope,  (tele)scope  sight 


Magasin  (m) . 

manteau  (m) . 

marquage  des  munitions  (m)... 

marteau  (m) . 

marteau  (m) . 

marteau,  percuteur  (m) . 

martelage  (m) . 

marteler . 

masse  incidente  (f) . 

masse  par  unite  de  section  (f).. 

masse  volumique  (f) . 

matiere  incendiaire  (f) . 

mecanisme  a  trois  coups  (m)... 

mecanisme  de  securite  (m) . 

meche  (f) . 

meche  de  surete  (f) . 

mesurer  en  radians . 

mitrailleuse  (f) . 

module  de  compressibility  (m) 
module  d'elasticite  (m) . . 

molette  de  reglage,  vis  de  -  (f) 
moment  (m) . 

moment  cinetique  (m) . 


moment  d'inertie  (m) . 

moment  de  basculement  (m)... 

montage  pour  lunette  (m) . 

mouvement  circulaire  (m) . 

mouvement  circulaire  (m) . 

mouvement  de  precession  (m) 

mouvement  de  rotation  (m) . 

mouvement  pendulaire  (m) . 

mouvement  propre  (m) . 

moyenne  (f) . 

munition  (f) . 

munition  a  courte  portee  (f) .... 
munition  d'exercice  (f) . 


Magazin  (n) . 

. magazine 

Mantel  (m) . 

. jacket 

Munitionskennzeichnung  (f) . 

. ammunition  marking,  -  code 

Hammer  (m) . 

. hammer 

Schlagstiick  (n) . 

. hammer,  striker 

Schlagbolzen  (m) . 

. firing  pin 

Hammerung  (f) . 

. hammering 

hammern . 

. hammer 

Querschnittsbelastung  (f) . 

. sectional  density 

Dichte  (f) . 

. density 

Brandsatz  (m) . 

. incendiary  compound 

Dreischussautomatik  (f) . 

. three-shot  mechanism 

Sicherung  (f) . 

. safety  device 

Lunte  (f) . 

. match 

Schwarzpulverziindschnur  (f) .... 

. safety  fuze 

BogenmaB  (n),  im  -  messen . 

. measure  in  radians 

Maschinengewehr  (n) . 

. machine  gun 

Kompressionsmodul  (m) . 

. bulk  modulus 

Elastizitatsmodul  (m) . 

. Young's  modulus 

modulus  of  elasticity 

Einstellschraube  (f) . 

. set  screw,  adjustment  screw 

Drehmoment  (n) . torque 

moment  of  a  force 

Drehimpuls  (m) . angular  momentum 


Tragheitsmoment  (n) . 

. .nuriiwiimi.. 

moment  of  momentum 
. moment  of  inertia 

Kippmoment  (n) . 

. overturning  moment 

Zielfernrohrmontage  (f) . 

. scope  mount 

Drehbewegung  (f) . 

. circular  motion 

Kreisbewegung  (f) . 

. circular  motion 

Prazessionsbewegung  (f) . 

. yaw 

Rotationsbewegung  (f) . 

. rotation 

Pendelung  (f) . 

. yaw 

Eigenbewegung  (f) . 

. proper  motion 

Mittelwert  (m) . 

. mean 

Munition  (f) . 

. ammunition 

Kurzbahnmunition  (f) . 

. short-range  ammunition 

Ubungsmunition . 

. practice  ammunition 

N  aturel . gesetzmaBig . natural 

necessaire  de  nettoyage  (m) . Reinigungsgerat  (n) . cleaning  kit 

nickel  (m) . Nickel  (m) . nickel 

nickele . vernickelt . nickel-plated 

nitrate  de  potassium  (m) . Kaliumnitrat  (n) . potassium  nitrate 

niveau  a  bulle  (m) . Wasserwaage  (f) . spirit  level 
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non-visqueux . reibungsfrei  bez.  innerer  Reibung  ...inviscid 

numero  de  serie  de  l'arme  (m) . Waffennummer  (f) . serial  number  of  a  weapon 

nutation  (f) . Nutation  (f) . nutation 


Obligatoirement . zwingend . 

octogene  (m) . Oktogen  (n) . 

octogonal . achtkantig . 

oeilleton  (m) . Lochblende  (f) . 

ombrogramme  (m) . Schattenaufnahme  (f) . 

onde  de  choc  (f) . StoBwelle  (f) . 

oppose,  de  signe  contraire . entgegengesetzt  gleich . 

ordre  de  grandeur  (m) . GroBenordnung  (f) . 

oscillation  forcee  (f) . erzwungene  Schwingung  (f) .. 

oscillation  harmonique  (f) . harmonische  Schwingung  (f) . 

outillage  pour  le  rechargement  (m) .  Wiederladewerkzeug  (n) . 

ouverture  d'ejection  (f) . Auswurfoffnung  (f) . 


coercive 

octogen 

octogonal 

aperture,  peep 

shadowgraph 

shock  wave 

opposite 

order  of  magnitude 
forced  oscillation 
harmonic  motion 
reloading  tool 
ejection  port 


Palette  (de  tir)  (f) . 

parabolique . 

parametre  (m) . 

pare-balles  (m),  butte  (f) . 

pas  des  rayures  (m) . 

pas  progressif  (m) . 

pendule  de  torsion  (m) . 

pendule  mathematique  (m).... 

pendule  physique  (m) . 

penetration  (f) . 

pente  (f) . 

pente,  inclinaison  (f) . 

percussion  (f) . 

percussion  a  broche  (f) . 

percussion  a  broche  (f) . 

percussion  a  capsule  (f) . 

percussion  a  rouet  (f) . 

percussion  a  silex  (f) . 

percussion  annulaire  (f) . 

percussion  centrale  (f) . 

percussion  centrale  (f) . 

perte  d'energie  (f) . 

peson  (m) . 

weight 

petard  (m) . 

phenomene  (m) . 

pigeon  (d'argile)  (m) . 

pistolet  (m) . 

pistolet  a  air  (comprime)  (m) 

pistolet  automatique  (m) . 

pistolet  d'alarme  (m) . 

pistolet  mitrailleur  (m) . 

pistolet  rafaleur  (m) . 

pistolier  (m) . 

piston  (m) . 

pivot  (m) . 


Schusspflaster  (n) . 

parabelformig . 

Kennwert  (m) . 

Kugelfang  (m) . 

Drallange  (f) . 

progressiver  Drall  (m) . 

Torsionspendel  (n) . 

mathematisches  Pendel  (n).. 
physikalisches  Pendel  (n).... 

Durchschlag  (m) . 

Neigung  (f) . 

Steilheit  (Griff)  (f) . 

Ziindung  (f) . 

Lefaucheuxziindung  (f) . 

Stiftziindung  (f) . 

Perkussionsziindung  (f) . 

Radschlossziindung  (f) . 

Steinschlossziindung  (f) . 

Randfeuerziindung  (f) . 

Zentralfeuerung  (f) . 

Zentralzundung  (f) . 

Energieverlust  (m) . 

Abzugsgewichtkontrolle  (f) 

Knallpatrone  (f) . 

Erscheinung  (f) . 

Wurftaube  (f),  Tontaube  (f). 

Pistole  (f) . 

Luftpistole  (f) . 

Selbstladepistole  (f) . 

Alarmpistole  (f) . 

Maschinenpistole  (f) . 

Schnellfeuerpistole  (f) . 

Pistolenschiitze  (m) . 

Dmckkolben  (m) . 

Schwenkachse  (f) . 


target  patch 

parabolic 

parameter 

butt  (behind  target) 

twist,  twist  length 

progressive  twist,  -  groove 

torsional  pendulum 

simple  pendulum 

physical  pendulum 

penetration 

slope,  fall,  gradient 

steepness 

ignition(system),  primer 
pin  fire  ignition 
pin  fire  (ignition) 
percussion  ignition 
wheel-lock  ignition 
flintlock  ignition 
rimfire  ignition 
centrefire  ignition 
centrefire 
energy  drop 

verification  of  trigger  pull 
petard 

phenomenon 

clay  bird,  clay-pigeon,  target 

pistol 

air  pistol 

semi-automatic  pistol 

alarm  pistol,  signal  pistol 

submachine  gun 

rapid-fire  pistol 

pistol  shooter 

piston 

pivot 
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pivot  de  bardlet  (m) . Trommelachse  (f) . axle  of  cylinder 

plan  (m),  plaque  plane  (f) . ebene  Platte  (f) . plane,  plate 

plaque  de  couche  (f) . Schaftkappe  (f) . buttplate 

plaque  de  couche  antirecul  (f) . RuckstoBminderer  (m) . recoil  reducer,  -  pad 

platine  (f) . Schlosstrager  (m) . lock  plate 

platine  a  double  detente  (f) . Stecherschloss  (n) . hair  trigger  lock 

platine  a  meche  (f) . Luntenschloss  (n) . match-lock 

platine  a  rouet  (f) . Radschloss  (n) . wheel-lock 

platine  a  silex  (f) . Steinschloss  (n) . flintlock 

plein  choke . Vollchoke  (m) . full  choke 

plomb  (de  chasse)  (m) . Schrotkugel  (f) . shot  pellet 

plomb  (m) . Blei  (n) . lead 

plomb  Diabolo  (m) . Luftgewehrgeschoss  (n) . airgun  pellet 

plomb  doux  (m) . Weichblei  (n) . soft  lead 

plomb  durci  (m) . Hartblei  (n) . antimony  lead 

plomb  durci  (m) . Hartschrot  (m) . chilled  shot,  hard  shot 

plomb  nickele  (m) . Nickelschrot  (m) . nickel(plated)  shot 

plombage  du  canon  (m) . Laufverbleiung  (f) . lead-fouled  barrel 

plombe . verbleit . leaded,  lead  fouled 

poinqon  d'epreuve  (m) . Beschussstempel  (m) . proof  mark 

poids  (m) . Gewicht  (n) . weight 

poids  de  depart,  -  detente  (m) . Abzugsgewicht  (n) . trigger  pull  weight 

poids  du  projectile  (m) . Geschossgewicht  (n) . bullet  weight 

poignee  pistolet,  crosse  -(f) . Pistolengriff  (m) . pistol  grip 

poinqon  (m) . Stempel  (m) . mark 

poinpon,  pointeau  d'amor^age  (m) .  Ziindstift  (m) . firing  pin 

point  d'ebullition  (m) . Siedepunkt  (m) . boiling  point 

point  d’impact  (m) . Treffpunkt  (m) . point  of  impact 

point  d'impact  (m) . Auftreffpunkt  (m) . point  of  impact 

point  de  fusion  (m) . Schmelzpunkt  (m) . melting  point 

point  de  mire  (m) . Haltepunkt  (m) . point  of  aim 

point  de  reference  (m) . Bezugspunkt  (m) . reference  point 

point  de  separation  (m) . Ablosepunkt  (Grenzschicht)  (m)....  point  of  separation 

point  de  solidification  (m) . Erstarrungspunkt  (m) . freezing  point 

point  de  stagnation  (m) . Staupunkt  (m) . stagnation  point 

pointage  (m),  visee  (f) . Zielen  (n) . aiming,  sighting 

pontet  de  sous-garde  (m) . Abzugsbugel  (m) . trigger  guard 

portance  (f) . Auftriebskraft  (f) . lift  force 

porte-guidon  (m) . Kornsattel  (m) . foresight  ramp 

porte-guidon  (m) . Korntrager  (m) . foresight  base 

portee  (f) . Schussdistanz  (f),  -weite  (f) . range 

position  de  repos  (f) . Ruhelage  (f) . rest  position 

position  finale  (f) . Endlage  (f) . final  position 

position  initiale  (f) . Anfangslage  (f) . initial  position 

pouce  (m)  (mesure) . Zoll  (MaBeinheit)  (m) . inch 

poudre  (f) . (SchieB-)Pulver  (n) . gunpowder 

poudre  a  disque  (f) . Scheibenpulver  (n) . disc  powder 

poudre  a  double  base  (f) . Nitroglycerinpulver  (n) . double  base  powder 

poudre  a  paillettes  (f) . Blattchenpulver  (n) . flake  (laminated)  powder 

poudre  a  simple  base  (f) . Nitrocellulosepulver  (n) . single  base  powder 

poudre  noir  (f) . Schwarzpulver  (n) . black  powder 

poudre  lente  (f) . progressives  Pulver  (n) . progressive  burning  powder 

poudre  pyroxylee  (f) . rauchloses  Pulver  (n) . smokeless  powder 
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poudre  spherique  (f) . 

poudre  tubulaire  (f) . 

poudre  vive  (f) . 

poussee  (f) . 

poussoir  (m),  tirette  (f) . 

pouvoir  de  penetration  (m) . 

precession  (f) . 

precision  (f) . 

precurseur  (m) . 

presse  a  calibrer  (f) . 

presse  a  recharger  (f) . 

pression  (f) . 

pression  d'extraction  (f) . 

pression  de  gaz  (f) . 

pression  de  la  retenue  (f) . 

pression  maximale  (f) . 

principe  de  superposition  (m)  . 

prise  d'energie  (f) . 

probability  de  toucher  (f) . 

production  de  chaleur  (f) . 

produit  scalaire  (m) . 

produit  vectoriel  (m) . 

profondeur  de  penetration  (f) .. 

profondeur  de  rayure  (f) . 

projectile  (m) . 

projectile  a  fragmentation  (m). 

projectile  expansif  (m) . 

projectile  plein  (m) . 

protege-guidon  (m) . 

puissance  (f) . 

puissance  crepusculaire  (f) . 

puissance  de  perforation  (f) . 

puits  du  chargeur  (m) . 


Kugelpulver  (n) . 

Rbhrchennulver  fn'l . 

. ball  powder 

. tubular  nowder 

degressives  (offensives)  Pulver  (n) .  degressive  burning  powder 
Scliub  (Raketet  (ml . thrust 

Schieber  (m) . 

Eindringvermogen  (n) . 

. slide 

. penetration  capacity 

Prazision  (f) . 

. accuracy,  precision 

Vorlaufer  (m) . 

. precursor 

Kalibrierpresse  (f) . 

. calibrating  press 

Wiederladepresse  (f) . 

. reloading  press 

Druck  (m) . 

Ausziehdruck  (m) . 

. pressure 

. shot  start  pressure 

Gasdruck  (m) . 

. gas  pressure 

Staudruck  (m) . 

. stagnation  pressure 

Maximaldruck  (m) . 

. maximum  pressure 

Uberlagerungsprinzip  (f) . 

Energieiibernahme  (f) . 

. superposition  principle 

. energy  assumption 

Treffererwartung  (f) . 

. chance  of  hit 

Warmeentwicklung  (f) . 

. thermic  development 

Vektorprodukt  (n) . 

. cross  product 

Eindringtiefe  (f) . 

. penetration  depth 

Zugtiefe  (f) . 

. groove  depth 

Zerlegungsgeschoss  (n) . 

. fragmentating  projectile 

Deformationsgeschoss  (n) . 

Vollgeschoss  (n) . 

. deformation  projectile 

. solid  (homogeneous)  bullet 

Komschutz  (m) . 

. foresight  protector 

Leistung  (physikalisch)  (f) . 

. power 

Dammerungsleistung  (f) . 

Durchschlagskraft  (f) . 

Magazingehause  (n) . 

. twilight  performance 

. penetration  power 

. magazine  housing 

Quantite  de  chaleur  (f) . Warmemenge  (f) . 

quantite  de  mouvement  (f) . Impuls  (m) . 

quantite  de  mouvement  initiale  (f) .  Miindungsimpuls  (m) . 

queue  d'arronde  (f) . Schwalbenschwanz  (m).. 

queue  de  detente  (f) . Abzugshebel  (m) . 

loi  de  la  conservation  du  quantite  ..  Impulssatz  (m) . 

momentum 
de  mouvement  (f) 


quantity  of  heat 
linear  momentum 
muzzle  momentum 
dove  tail 

trigger  lever,  trigger  latch 
law  of  conservation  of 


Rafale  (f) . Seriefeuer  (n) . automatic  fire 

rameneur  (de  cible)  (m) . Scheibenzuganlage  (f) . target  transport  device 

rapport  (m) . Verhaltniszahl  (f) . ratio 

rapport  d'expansion  (m) . Querschnittsverhaltnis  (Duse)  (n)  ..cross-section  ratio 

rapport  de  detente  (m) . Entspannungsverhaltnis  (n) . expansion  ratio 

rapport  des  forces  (m) . Krafteverhaltnis  (n) . ratio  of  forces 

rate  (m) . Versager  (m),  Blindganger  (m) . misfire,  dud,  blind  shell 

rayage,  rayure  (f) . Ziige  (mp) . grooves,  rifling 

raye . gezogen  (Lauf) . rifled 

rayon  moyen  de  groupement  (m) ...  mittlerer  Streukreisradius  (m) . mean  radius  (of  dispersion) 
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rayure  (f) . Drall  (Waffe)  (m) . twist,  rifling  twist 

rechargement  (m) . Wiederladen  (n) . reloading,  handloading 

recouvrement  (m) . Abdeckung  (f) . covering 

recul  (m) . RiickstoB  (m) . recoil,  blowback 

reglable . verstellbar . ajustable 

reglage  (m) . Einstellung  (f) . adjustment,  setting 

reglage  (m) . Justierung  (f) . adjustment 

relation  (f) . Beziehung  (f) . relation 

rendement  (m) . Wirkungsgrad  (m) . efficiency 

renverser . umkippen . overturn 

repose-pouce  (m) . Daumenauflage  (f) . thumbrest 

residus  de  tir  (mp) . Schmauchspuren  (fp) . gunshot  residue 

resistance  (f) . Widerstandskraft  (f) . resisting  force 

resistance  a  fair  (f) . Luftwiderstand  (m) . air  drag,  -  resistance 

resistance  a  l'ecoulement  (f) . Stromungswiderstand  (m) . flow  resistance 

resistance  a  l'enfoncement  (f) . Einpresswiderstand  (m) . engraving  resistance 

resistance  a  la  compression  (f) . Druckwiderstand  (m) . pressure  drag 

resistance  au  dechirement  (f) . ReiBfestigkeit  (f) . resistance  to  tearing 

resistance  d'extraction  (f) . Ausziehwiderstand  (m) . initial  resistance 

resonance  (f) . Resonanz  (f) . resonance 

ressort  a  boudin  (m) . Spiralfeder  (f) . coil  spring,  helical  - 

ressort  a  lame  (m) . Blattfeder  (f) . laminated  spring 

ressort  de  percussion  (m) . Schlagfeder  (f) . main  spring 

ressort  de  percuteur  (m) . Schlagbolzenfeder  (f) . firing  pin  spring 

ressort  du  chargeur  (m) . Magazinfeder  (f) . magazine  spring 

ressort  recuparateur  (m) . Vorholfeder  (f) . recuperator  spring 

ressort  recuperateur  (m) . Rtickholfeder  (f) . return  spring 

retroaction  (f) . Ruckkopplung  (f) . feedback 

reversible . umkehrbar . reversible 

revolver  (m) . Revolver  (m) . revolver 

ricochet  (m) . Querschlager  (m) . ricochet,  keyhole 

ricochet  (m) . Abpraller  (m) . ricochet 

rigide . Starr . rigid 

rivet  (m) . Niet  (m) . rivet 

rogner . abkanten . chamfer,  bevel 

rongeur  (m) . Raubzeug  (jagbare  Nager)  (n) . vermin 

roquette  a  propulsion  liquide  (f) ....  Fliissigtreibstoff-Rakete  (f) . liquid  propellant  rocket 

roquette  a  propulsion  solide  (f) . Feststoff-Rakete  (f) . solid  propellant  rocket 

rotation  (f) . Drall  (Geschoss),  Drehwinkel  (m) .  spin,  angular  displacement 

rotation  partielle  (f) . Teildrehung  (f) . partial  rotation 

rouille . rostig . rusty 

rouille . verrostet . oxidated,  oxidized 

rouille  (f) . Rost  (m) . rust 

rupture  de  la  douille  (f) . HiilsenreiBer  (m) . split  case,  case-rupture 


Sabler . 

sabot  (m) . 

sanglier  courant  (m) . 

sans  frottement . 

se  mettre  en  travers . 

sec . 

section  (f) . 

section  d'ecoulement  (f) 


sandstrahlen . sand-blast 

Treibkafig  (m),  Treibspiegel  (m)  ...cage,  sabot 

laufender  Keiler  (m) . running  boar 

reibungsfrei . frictionless 

Querstehen  (n) . pitching 

hart  (Abzug) . dry 

Querschnittsflache  (f) . cross-sectional  area 

Stromungsquerschnitt  (f) . flow  cross-section 
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semi-automatique . halbautomatisch . semi-automatic 

sensibilite  a  l'impact  (f) . Schlagempfindlichkeit  (f) . impact  sensitivity 

sensibilite  au  frottement  (f) . Reibempfindlichkeit  (Sprengst.)  (f) ..  friction  sensitivity 

sensibilite  d'amorce  (f) . Zundhiitchenempfindlichkeit  (f) ....  primer  sensitivity 

separation  (f) . Ablosung  (f) . separation 

sertissage  (m) . Verschluss  (m) . action,  bolt,  breech,  lock 

sertissage  a  rondelle . Bordelung  (f) . roll  crimp 

shrapnel  (m) . Schrapnell  (n) . shrapnel 

signe  (m) . Vorzeichen  (n) . sign 

silencieux  (m) . Miindungsknalldampfer  (m) . silencer 

-  dynamique .  dynamische  - .  dynamic  - 

-  geometrique .  geometrische  - .  geometric  - 

-  cinetique .  kinematische  - .  kinematic  - 

simple  action . single  action . single  action 

sinusoidal . sinusfbrmig . sinusoidal 

solide . fest  (Aggregatszustand) . solid 

solution  antirouille  (f) . Rostschutzmittel  (n) . rust  preventing  agent 

solution  de  fortune  (f) . Notbehelf  (m) . stopgap 

sommet  (m) . Scheitel  (m) . vertex 

sonde  (f),  capteur  (m),  jauge  (f) . Aufnehmer  (m) . sensor 

soupape  (f) . Ventil  (n) . valve 

sous  amorti . schwach  gedampft . underdamped 

sous-calibre . Unterkaliber  (n) . subcalibre 

stabilise  par  l'epaule . schulterstabilisiert . shoulder  stabilized 

stand  de  tir  (m) . SchieBstand  (m) . shooting  range 

structure  cristalline  (f) . Gitterstruktur  (f) . crystalline  structure 

subsonique . Unterschall- . subsonic 

sulphide  de  potassium  (m) . Kaliumsulfid  (n) . potassium  sulphide 

support  (m) . Lager  (n) . pivot 

suprasonique . tfberschall- . supersonic 

sur  amorti . stark  gedampft . overdamped 

surete  (f) . Sicherheitsschieber  (m) . safety  slide 

surete,  securite  (f) . Sicherheit  (f) . safety 

surface  active  (f) . Wirkflache  (f) . active  area 

surface  d'extravasion . Zone  der  Extravasation  (f) . area  of  extravasation 

surface  de  reference  (f) . Bezugsflache  (f) . reference  plane 

surface  du  cone  (f) . Kegelmantel  (m) . surface  of  a  cone 

surosciller . iiberschwingen . overshooting 

surpression  (f) . Uberdruck  (bez.  Atmosphare)  (m) ..  gauge  pressure 

svelte . schlank . slender 

sveltesse  (f) . Schlankheit  (f) . slenderness 

symmetrique  par  rapport  a  une  axe .  rotationssymetrisch . rotational  symmetry 

systeme  autonome,  -  ferme  (m) . abgeschlossenes  System  (n) . closed  physical  system 

systeme  d'alimentation  (m) . Zufiihrsystem  (n) . feed  system 

systeme  d’unites  (m) . MaBsystem  (n) . system  of  units 

systeme  de  coordonnees  (m) . Koordinatensystem  (n) . coordinate  system 

systeme  de  detente  (m) . Abzugseinrichtung  (f) . trigger  device,  -  mechanism 

systeme  de  detente  (m) . Abzugssystem  (n) . trigger  system 

systeme  de  reference  (m) . Bezugssystem  (n) . frame  of  reference 

systeme  oriente  a  la  main  droite  (m).  Rechtssystem  (Koordinaten)  (n)  ....  right-handed  system 


Table  de  tir  (f) . 

technique  de  mesure  (f) 


Schusstafel  (f).. 
Messtechnik  (f) 


firing  table,  range  table 
measurement  techniques 
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temperature  d'explosion  (f) . Explosionstemperatur  (f) . 

temps  de  parcours  de  Fame  (m) . Laufdurchgangszeit  (f) . 

temps  de  relaxation  (m) . Zeitkonstante  (f) . 

temps  de  vol  (m) . Flugzeit  (f) . 

tenon  (m) . Verriegelungswarze  (f) . 

tension  (f) . Spannung  (f) . 

tension  de  cisaillement  (f) . Seller-,  Schubspannung  (f) ... 

terme  d'une  addition  (m) . Summand  (m) . 

tete  la  premiere  (f) . kopfvoran . 

tete  de  culasse  (f) . Verschlusskopf  (m) . 

tige(f) . Stange(f) . 

tige  de  detente . Abzugsstange  (f) . 

tir  (m) . SchieBen  (n) . 

tir  a  air  comprime  (m) . LuftgewehrschieBen  (n) . 

tir  de  chasse  (m) . jagdliches  SchieBen  (n) . 

tir  de  reglage  (m) . EinschieBen  (n) . 

tirer  a  culasse  fermee . aufschieBend . 

tirer  a  culasse  ouverte . zuschieBend . 

tombac  (m) . Tombak  (m) . 

tomnoyer . taumeln . 

toupie  (f) . Kreisel  (Spielzeug  -)  (m) . 

trajectoire  (f) . Flugbahn  (f) . 

trajectoire  courbe  (f) . gekrummte  Bahn  (f) . 

trajectoire  incurvee . gerader  Einschusskanal  (m) . 

trajectoire  tendue  (f) . gestreckte  Flugbahn  (f) . 

trajet  du  proj.  dans  les  chairs  (m)...  Schusskanal  (m) . 

transducteur  de  pression  (m) . Druckgeber  (m) . 

transition  (f) . Ubergang  (Zustand)  (m) . 

transporteur  (m) . Zubringer  (m) . 

transsonique . transsonisch . 

transversal,  lateral . quer,  seitwarts . 

travail  (m) . Arbeit  (f) . 

travail  a  la  main,  travail  manuel  (m) .  Handarbeit  (f) . 

trepied  (m) . Dreibein  (n) . 

trinitroresorcinate  de  plomb  (m) ....  Bleitrizinat  (n) . 

trinitrotoluene  (m) . Trinitrotoluol  (n) . 

tronquer . abbrechen . 

trou  (m) . Loch  (n) . 

trou  de  pouce  (m) . Daumenloch  (n) . 

trou  de  sortie  du  projectile  (m) . Ausschussloch  (n) . 

trou,  perpage  (m) . Bohrung  (f) . 

tuyere  (f) . Diise  (f) . 


explosion  temperature 
barrel  time 
relaxation  time 
time  of  flight 
(locking)lug 
stress 

shear  stress 

addend 

head-first 

bolt  head 

rod,  bar 

trigger  bar 

shoot,  fire 

air-rifle  shooting 

hunting  shooting 

test-firing,  ranging,  zeroing 

firing  from  closed  bolt 

firing  from  open  bolt 

tombac,  gilding  metal 

yaw,  tumble 

top 

trajectory 
curved  trajectory 
Narrow  Channel 
flat  trajectory 
wound  channel 
pressure  transducer 
crossover 

magazine  follower,  follower 
transonic 

crossways,  sideways 
work 

handicraft,  handiwork 
tripod 

lead  styphnate 
trinitrotoluene 
truncate 
hole,  peep 
thumbhole 
exit  hole 
hole,  aperture 
nozzle 


Uniforme . gleichformig . uniform 

unite  de  mesure  (f) . MaBeinheit  (f) . unit 

usure  (f) . Abnutzung  (f),  Verschleifi  (m) . wear 

usure  du  canon  (f) . Laufabnutzung  (f) . barrel  wear 

V aleur  absolue  (f) . Betrag  (eines  V ektors)  (m) . absolute  value 

valeur  de  reference  (f) . BezugsgroBe  (f) . reference  value 

valeur  numerique  (f) . Zahlenwert  (m) . numerical  value 

valise  pour  arme  (f) . Waffenkoffer  (m) . gun  case 

variables  d'etat  (f) . ZustandsgroBe  (f) . state  variables 
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vent  lateral  (m) . 

verrou  (m),  verrouillage  (m) . 

verrouille . 

vertical . 

vis  (f) . 

viscosite  (f) . 

viscosite  cinematique  (f) . 

visee  ouverte  (f) . 

viser . 

vitesse  (f) . 

vitesse  angulaire  (f) . 

vitesse  d'ecoulement  (f) . 

vitesse  de  chute  (f) . 

vitesse  de  combustion  (f) . 

vitesse  de  detonation  (f) . 

vitesse  de  propagation  (f) . 

vitesse  de  sortie  (f) . 

vitesse  du  son  (f) . 

vitesse  en  fin  de  combustion  (f) 
vitesse  initiale  (f) . 


vitesse  limite  (f) . 

vitesse  lineaire  (f) . 

vitesse  reduite  (f) . 

vitesse  restante  (f) . 

vitesse  tangentielle  (f) 
vitesse  terminale  (f).... 

vitesse,  celerite  (f) . 

vivacite  (f) . 

volume  (m) . 

volumineux . 


Querwind  (m),  Seitenwind  (m) . crosswind 

Riegel  (m),  Verriegelung  (f) . latch,  bolt,  catch,  lock 

verriegelt . locked 

vertikal . perpendicular 

Schraube  (f) . screw 

Scherviskositat  (f) . dynamic  viscosity 

Viskositat  (f) . viscosity 

Zahigkeit  (dynamische)  (f) . viscosity 

kinematische  Zahigkeit . kinematic  viscosity 

offene  Visietung  (f) . open  sight 

zielen,  visieren . aim,  sight 

Geschwindigkeit  (f) . velocity 

Winkelgeschwindigkeit  (f) . angular  velocity 

Stromungsgeschwindigkeit  (f) . fluid  velocity 

Fallgeschwindigkeit  (f) . velocity  of  descent 

Abbrandgeschwindigkeit  (f) . burning  rate 

Brenngeschwindigkeit  (f) . burning  rate 

Detonationsgeschwindigkeit  (f) . detonation  rate 

Ausbreitungsgeschwindigkeit  (f)  ...velocity  of  waves 

Austrittsgeschwindigkeit  (f) . exit  velocity 

Schallgeschwindigkeit  (f) . velocity  of  sound 

Brennschlussgeschwindigkeit  (f)  ...end-burning  velocity 

Anfangsgeschwindigkeit  (f) . initial  velocity 

Miindungsgeschwindigkeit  (f) . muzzle  velocity 

Grenzgeschwindigkeit  (f) . limiting  velocity 

Bahngeschwindigkeit  (f) . tangential  velocity 

verminderte  Geschwindigkeit  (f) ...  decreased  velocity 

Restgeschwindigkeit  (f) . remaining  velocity 

Umfangsgeschwindigkeit  (f) . circumferential  velocity 

Endgeschwindigkeit  (f) . final  velocity  (speed) 

Geschwindigkeitsbetrag  (m) . speed 

Lebhaftigkeit  (f) . vivacity 

raumliche  Ausdehnung  (f) . spatial  expansion 

ausgedehnter  Korper  (m) . large  body 


W  ad-cutter. 


Wadcutter(-geschoss)  (n) 


wadcutter 
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radial  cracks  269 
secondary  fractures  269 


Slug  49,231,275 
balle  blondeau  23 1 
Smokeless  powder  324 
Soap  see  glycerine  soap 
Soap  to  conduct  measurements  146 
Softair  gun  250 
Solid  bullet  97,  126 
copper  104,  130 
deforming  205 
Sound  wave  2 1 4 
Special  gas  constant  of  air  17 
Specific 

gas  volume  38 
heat  capacity  16 
Speed  of  sound  20,214 
in  glycerine  soap  1 44 
measuring  techniques  33 
Sphere  104 
Spherical  wave  2 1 5 
Spin-stabilized  bullet  6,  76 
Spleen  266,271 
Springfield  45-70  88 
Squeezing  lead  128 
Stability  75 
Stable  flight  76 
Stagnation  pressure  22 
Staphylococcus  aureus  135 
State  of  movement  7 1 
States  of  matter  1 6 
Steel  cubes  201 
Steel  sphere  123,  200 
firing  into  bone  1 95 
Sten  submachine  gun  61 
Sterility  133 
Stopping  power  92,  167 
Straight  wound  channel  1 02 
Stress  8 
Styx  46 

Sub-calibre  ammunition  50 
Submachine  gun  58,61 
Surface  documentation  286 
Surface  temperature 
of  a  bullet  135 

Sympathetic  nervous  system  220 
Synthetic  models  298 
Systeme  International  d’Unites  3 

T 

Temperature  of  a  bullet  133 
Temporary  cavity  92,95,  110,  112,  198, 
213,254,  255,265 
second-  101 


Index  495 


volume  of  the-  140 
Tensile  8 

Terminal  ballistics  65 
Thermal  effects 

at  the  entry  wound  259 
Thermal  energy  69 
Thin  sheet  84 

Thompson  submachine  gun  6 1 
Three-dimensional  model  159 
Threshold  energy  density 
for  eyes  200 
of  skin  188 
Threshold  for  skin  250 
Threshold  velocity  187,  189 
for  bones  1 95 
for  eyes  200 
Throwback  velocity  1 66 
Time  fuse  54 
Time  of  impact  71 
Tissue  damage  307 
significant  3 1 1 
volume  3 1 1 
Tissue  destroyed  10 
Torque  10 

Tracer  bullets  46,  227 
Tractability  79 
Trajectory  in  a  vacuum  13 
Trigger  57 
double  set  58 
bar  57 
spring  58 
Tumble  75 
Tungsten  sphere  194 
Types  of  wound  channel  107 

u 

Unstable  75 
bullet  106 

Uzi  submachine  gun  6 1 

V 

Vacuum  101 

Vacuum  in  the  wound  channel  256 
Vagus  nerve  220 
Validation  306 
Velocity  4 

as  a  function  of  distance  14 
measuring  techniques  30 
profile  158 
VeMo-S  160 
Vetterli  rifle  88 
Vietnam  War  122 


Virtopsy  286 
Viscosity  19,  25 
Viscous  fluid  23 
Vivacity  of  the  powder  67 
Volume  as  a  function  of  distance  145 
Vulnerability  index  169 
Function  159 

w 

Wadcutter  bullet  104 
Wavefront  111,216 
Weight  8 

of  the  bullet  72 
Winchester  Fail-Safe  47 
Winchester  Partition  Gold  47 
Work  8,  17 
Wound  165 

Wound  ballistics  1 ,  65,  306 
and  international  law  226 
studies  305 

Wound  channel  97,  112,  199,254 
first  section  97 
in  the  body  267 
second  section  99 
third  section  1 00 
Wound  excision  316 
Wound  infection  133 
Wound  profile  141,313 
Wound  tracks,  real  311 
Wounding  criterion  (NATO)  184 
Wounding  potential  282 

Y 

Y aw  angle  1 1 0 
Young’s  modulus  1 10,  224 


Calibres  and  bullets 

10.3  mm  steel  spheres  197 
12/70  63,  64 
19th  Century  88 
22  extra  L.R.  44 
22  L.R.  43,  60,  64,  66,  192 
22  Long  43 
22  Mag.  60 
22  rimfire  115 
22  Winchester  Magnum  44 
223  Rem.  46,64,339 
308  Win.  46,64,69 
315  52 

32  S  &  W  Long  WC  44 
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320  short  52 
338  Lapua  46 

338  Lapua  Magnum  63,  226 
35  R  52 

357  Magnum  206,  243 
38  Spl  192,206,243,246 
38  Spl  Short  Stop  243 
38  Spl  Wadcutter  44 
380  R  52 

4.6  x  30  52 

44  Rem.  Mag.  203 

45  Auto  173,191 
45  R  52 

454  Casull  203 
5.45  x  39 

5.45  x  39  (Kalashnikov)  61,  46,  332 
5.56  x  45  46,63,332,339 
5.56  x  45  M193  129 

5.7  x  28  51 
50A.E.  203 

50  Browning  47,  63,  226 
6  mm  Flobert  52 
6  mm  Norma  BR  64 
6.35  Browning  115,191 
6.35  mm  steel  spheres  196 

6.8  mm  Rem.  SPC  51 

7.62  x  39  129 

7.62  x  39  (Kalashnikov)  45,  61,  332 

7.62  x  51  129,332 

7.62  x  54  R  40,  46,  63 

7.62  mm  NATO  46,  121 
7.65  Browning  115,135,191 
8  mm  52 

8  mm  Lebel  40,  332 

9  mm  Brown,  short  191 
9  mm  Browning  66 

9  mm  Luger  1 15,  173,  191,  206,  246,  255 
9  mm  PA  52 
9.3  x  74  R  40 


